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(54) Blood oxygenating apparatus having blood delivery mechanism-equipped blood reservoir, 
bubble remover for blood oxygenating circuit, bubble remover-equipped blood oxygenating 
circuit and blood delivery mechanism-equipped blood reservoir 



(57) A blood oxygenating apparatus (1) comprises 
a blood delivery mechanism-equipped blood reservoir 
including a blood storing portion (10); a blood delivery 
mechanism having blood reserving members (3a,3b) 
having delivery blood reserving portions (30a,30b) com- 
municating with the blood storing portion (10) and re- 
serving blood in an amount proportional to an amount 
of blood stored in the blood storing portion (10) when 
the amount of the blood stored in the blood storing por- 
tion (10) becomes equal to or less than a predetermined 
value and capable of flowing out blood stored in the de- 
livery blood reserving portions (30a,30b) when the de- 
livery blood reserving portions (30a,30b) are pressed 
from outside; and a heat exchange function-provided 
oxygenator (5) connected with a blood outlet port of the 
blood delivery mechanism-equipped blood reservoir (2). 
The blood outlet port of the oxygenator (5) communi- 
cates with the vicinity of an upper end of a blood cham- 
ber provided inside the oxygenator (5). 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

r0OO1l The present invention relates to a blood oxygenating apparatus provided with a delivery blood reservoir and 
an oxygenator having a function of temporarily storing blood in an extracorporeal blood circulation circuit and delivering 
stored blood to a patient. 

[0002] In recent years, heart surgery often uses an extracorporeal blood circulation circuit having incorporated therein 
an oxygenator for removing carbon dioxide from blood and adding oxygen to blood instead of the living lung. The 
extracorporeal circulation circuit is to drain blood from the patient's vein, subject the blood to gas exchange in the 
oxygenator and return the blood to the patient's artery. The extracorporeal circulation circuit also includes a cardiotomy 
line for sucking in blood from the operation area, removing foreign matter therefrom, and returning the blood. 
[0003] In general, the extracorporeal circulation circuit with an oxygenator includes a blood reservoir for temporarily 
storing blood drained from the patient and a cardiotomy reservoir for filtering blood sucked from the operation area 
and temporarily storing the blood. The blood reservoir and cardiotomy reservoir serve a buffering function of adjusting 
the amount of blood in the circuit and maintaining a constant amount of blood to be returned to the patient. 
[00041 Let it be supposed that a considerably large amount of air is introduced into the conventional oxygenator. To 
prevent the air from flowing to the downstream side thereof, a conventional blood oxygenating apparatus has a blood 
outlet port provided at a lower portion (downstream from the center of a blood chamber) of the oxygenator to trap the 

[OOOSr Although the conventional blood oxygenating apparatus is safe because the blood outlet port is provided at 
the lower portion (downstream from the center of the blood chamber) of the oxygenator, it is difficult to remove air 
present upstream from a blood outlet port-connected port in a priming time, which causes the priming time to take long. 
Another problem is that residual air in the priming operation flows out when blood circulates. 
[0006] Therefore, it is a first object of the present invention to provide a blood oxygenating apparatus, having a blood 
delivery mechanism-equipped blood reservoir, which is capable of performing a priming work very easily by connecting 
a blood outlet port to an upper portion of a blood chamber of an oxygenator and which has a function of not delivering 
air into the oxygenator during a blood delivery time so that the blood oxygenating apparatus can be used safely even 
though the oxygenator is not provided with an air trap mechanism. 

[0007] The present invention also relates to a bubble remover which separate and removes bubbles from blood in 
a blood oxygenating circuit provided with an oxygenator; and also relates to a blood oxygenating circuit apparatus 
having the bubble remover. . 
[0008] Heart surgery often uses an extracorporeal blood circulation circuit having incorporated therein an oxygenate 
for removing carbon dioxide from blood and adding oxygen to blood instead of the living lung. The extracorporeal 
circulation circuit is to store blood drained from the patient's vein in a vein reservoir, subject the blood to gas exchange 
in the oxygenator, and return the blood to the patient's artery. A delivery means (pump) is provided between the ve.n 
reservoir and the oxygenator. mnHar 
[0009] An air filter is accommodated in the blood oxygenating circuit of this type to remove bubbles or foreign matter 
which have been contained therein. More specifically, an artery filter (bubble remover) having the function of an air 
chamber is provided at a position in the downstream side of the blood oxygenating circuit such that the position is 
immediately before the position at which the blood is returned to the patient's artery. It is necessary for the bubble 
remover to have the air chamber function, in consideration of the capacity of circulation blood and the amount of bubble 
which may be contained in the blood oxygenating circuit Therefore, it is necessary for the bubble remover to have an 
internal capacity of about 200 ml for adults. The use of such a bubble remover causes the entire blood oxygenating 
circuit to have an increased priming amount (extracorporeal flow^ut amount of blood) of about 200 ml. It is demanded 
that heart surgery is made by using a possible smallest transfusion amount. To this end, the pnming amount (extra- 
corporeal flow-out amount of blood) is reduced to a possible smallest transfusion amount. 

[0010] Therefore, it is a second object of the present invention to provide a bubble remover for use in a blood oxy- 
genating circuit which displays a high air chamber function, has a small pressure loss when it is used for adults, secures 
a sufficient amount of flow rate, and has a small priming amount and to provide a blood oxygenating circuit apparatus 
having the bubble remover. 

[0011] There is a situation that the volume of blood in the blood delivery mechanism-equipped blood reservoir be- 
comes zero during extracorporeal blood circulation. If the blood feed pump continues to operate, air can be fed into 
the extracorporeal circulation circuit To avoid such inconvenience, the blood delivery mechanism-equ.pped Wood res- 
ervoir is provided with a level sensor for monitoring the volume of blood in the tank. When the sensor detects tha the 
volume of blood in the blood delivery mechanism-equipped blood reservoir is below a predetermined value, the feed 
pump is interrupted to stop blood delivery action until the volume of blood in the blood delivery mechanism-equipped 
blood reservoir is restored. The temporary interruption of blood delivery, however, is undesirable because it causes 
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blood stagnation throughout the circuit including the oxygenator. Therefore, there is a need to prov.de a delivery Wood 
^ meSSl.^lpped blood reservoir capable of changing the amount of blood to be del-vered .n accordance 
wKh the amount of blood stored in a blood storing portion if the amount of blood stored therein becomes equal to or 

ZT^T^ey^ b,ood into the b.ood reservoir and the drainage of b.ood from a patient are often 
^me b a method using a suction device (negative pressure appiying device) connected to the : blood reserve. 
Suction drainage of blood is used in the case where a sufficient drainage amount cannot be secu ed, namely, .n the 
case where only a fine drainage catheter such as MICS (thoracotomy minimally invasive surgery) is used or a long 
Sad ca ot be obtained between a patient and an oxygenator. When this device is operated, the pressure « e 
defivery blood storing mechanism-equipped blood reservoir becomes negative, and the negative pressure affects the 
fnterS the de.ive^ b.ood reserving member. That is, the interior of the delivery blood reserving member become 
exposed to a negative pressure due to the operation of the suction device (negative pressure applying dev.ce) while 
receiving the atmospheric pressure on the outside. Therefore, the delivery blood reserving member ,s pressed by a 
dXential pressure between the inside and outside pressures, so that the liquid surface-sens.t,ve (pressure-sensitive, 
pre-load-sensitive) function of the delivery blood reserving member may be impeded. 

[0013] Therefore, it is a third object of the present invention to provide a blood delivery mechan.sm-equ.pped blood 
reservoir that will not impede a liquid surface-sensitive (pressure-sensitive, pre-load-sensrtive) function , o a dehyery 
Sood reserving member even if a suction device (negative pressure applying device) is connected to the delivery blood 
storing mechanism-equipped blood reservoir. 

SUMMARY OF THE INVENTION 

[0014] In a first aspect, the present invention provides a blood oxygenating apparatus having a blood delivery mech- 
ni m-equipped blood reservoir that comprises a blood delivery mechanism-equipped blood reserve, having a blood 
storing portion and a blood reserving member having a delivery Wood reserving port.on communing with sa,d blood 
storing portion and reserving blood in an amount proportional to an amount of blood stored m sa.d blood storing port on 
when th amount of said blood stored in blood storing portion becomes equal to or less than a predetermined value 
L capable of flowing out blood stored in said delivery blood reserving portion when said delivery blood reserving 
porti ptessed^ 

equipped blood reservoir, wherein said blood outlet port of said oxygenator communicates with an upper end or its 
Droximitv of a blood chamber provided inside said oxygenator. 

?oS in a second aspect, the present invention provides a bubble remover for a blood oxygenating circuit wh,ch is 
'used by locating it downstream from an oxygenator of said blood oxygenating circuit comprising a blood d^mach- 
anSn equipped blood reservoir having a blood storing portion and a blood reserving member having a dekvery blood 
reding portion communicating with said blood storing portion and reserving blood in an amount P^ndtoan 
amount of blood stored in said blood storing portion when the amount of sa-d blood stored in blood stonng portion 
becomes equal to or less than a predetermined value and capable of flowing out blood stored in sa.d dehvery blood 
reselg portion when said delivery blood reserving portion is pressed from outside; and sa.d ^"f^""^ 
with a blood outlet port of said blood delivery mechanism-equipped blood reservo.r, wherein said bubble remover has 
the following relationship between an internal capacity (ml) and a maximum use flow (L/m.n): 

Internal capacity (ml)/Maximum use flow (L/min) S 15. 

[0016] In a second aspect, the present invention provides a blood oxygenating circuit apparatus 
blood delivery mechanism-equipped blood reservoir having a blood storing portion and a blood reserving member 
having a deUvery blood reserving portion communicating with said blood storing portion and reserving blood n an 
amount p^tonal to an amount of blood stored in said blood storing portion when the amount of said Mood store 
in Wood storing portion becomes equal to or less than a predetermined value and capable of flowing out blood stored 
in sS delivery blood reserving portion when said delivery blood reserving portion is pressed from outs.de; an oxygen- 
ator connected with a Wood outlet port of said blood delivery mechanism-equipped blood reserve,, and a bubble 
ZoZ locked downstream from said oxygenator and having a relationship between an internal capacity (ml) and a 
maximum use flow (L/min): 

Internal capacity (ml)/Maximum use flow rate (L/min) ^ 15. 
[0017] In a third aspect, the present invention provides a blood delivery mechanism-equipped blood reservoir that 
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comprises a blood storing portion; and a blood delivery mechanism including a delivery blood reserving portion com- 
municating with said blood storing portion and reserving blood in an amount proportional to an amount of blood stored 
in said blood storing portion when the amount of said blood stored in said blood storing portion becomes equal to or 
less than a predetermined value and capable of flowing out blood stored in said delivery blood reserving portion when 
said delivery blood reserving portion is pressed from the outside and a blood delivery drive unit operating when blood 
in said delivery blood reserving portion is delivered, wherein said blood delivery mechanism-equipped blood reservoir 
can be connected with a sucking means for sucking an interior of said blood storing portion; said blood delivery mech- 
anism-equipped blood reservoir further comprising: a communication passage communicating an upper portion of an 
interior of said blood storing portion with a space formed inside said blood delivery mechanism and formed between 
said delivery blood reserving portion and said blood delivering drive unit; and a communication mode selection function 
making it possible to select communication between said space of said blood delivery mechanism and said upper 
portion of said interior of said blood storing portion or communication between said space of said blood delivery mech- 
anism and outside air. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The foregoing and further objects, features and advantages of the present invention will become apparent 
from the following description of preferred embodiments with reference to the accompanying drawings, wherein like 
numerals are used to represent like elements and wherein: 

[0019] Fig. 1 is a front elevation of a blood oxygenating apparatus having a blood delivery mechanism-equipped 
blood reservoir according to the present invention. 

[0020] Fig. 2 is a side view of the blood oxygenating apparatus shown in Fig. 1 . 

[0021] Fig. 3 is an explanatory view for explaining the internal construction of the blood oxygenating apparatus shown 
in Figs. 1 and 2. 

[0022] Fig 4 is an enlarged sectional view of the neighborhood of the blood delivery mechanism of the blood delivery 
mechanism-equipped blood reservoir shown in Fig. 3 and the neighborhood of a lower portion of a blood storing portion 
thereof wherein a flexible diaphragm 42a, 42b is not pressed (blood is not being delivered). 
[0023] Fig. 5 is a front elevation of a blood delivery mechanism portion of the blood oxygenating apparatus shown 
in Figs. 1 and 2. 

[0024] Fig. 6 is a sectional view of a blood delivery mechanism portion of the blood oxygenating apparatus shown 

[0025] 5 Fig. 7 is a front view of a bubble remover for use in a blood oxygenating circuit according to an embodiment 
of the present invention. 

[0026] Fig. 8 is a sectional view of the bubble remover shown in Fig. 7. 
[0027] Fig. 9 is a cross-sectional view taken along lines B-B in Fig. 8. 

[0028] Fig. 10 is a concept view of a blood oxygenating circuit apparatus according to an embodiment of the present 

invention. . 
[0029] Fig. 11 is a right side view of a blood delivery mechanism-equipped blood reservoir according to an embod- 
iment of the present invention. . 
[0030] Fig. 1 2 is a front elevation of the blood delivery mechanism-equipped blood reservoir shown in Fig. 11 . 
[0031] Fig. 13 is a back elevation view of the blood delivery mechanism-equipped blood reservoir shown in Fig. 11. 
[0032] Fig. 14 is a plan view of the blood delivery mechanism-equipped blood reservoir shown in Fig. 11 . 
[0033] Fig. 15 is an explanatory view for explaining the internal construction of the blood delivery mechanism- 
equipped blood reservoir shown in Figs. 11 through 14. 

[0034] Fig. 1 6 is an enlarged sectional view of the vicinity of the blood delivery mechanism-equipped blood reservoir 
shown in Fig. 1 5 and the vicinity of a blood storing portion. 

[0035] Fig. 1 7 is a front view of a blood delivery mechanism portion of the blood delivery mechanism-equipped blood 
reservoir shown in Figs. 11 through 14. 

[0036] Fig. 18 is a sectional view of the blood delivery mechanism portion of the blood delivery mechanism-equipped 
blood reservoir shown in Fig. 17. 

[0037] Fig. 19 is a front view of a first cap (used in non-sucking time) serving as a communication mode selection 
function. 

[0038] Fig. 20 is a bottom view of the first cap (used in non-sucking time) shown in Fig. 19. 

[0039] Fig. 21 is an enlarged sectional view of the neighborhood of a communication passage of a blood delivery 

mechanism-equipped blood reservoir in the state where the first cap (used in non-sucking time) is installed. 

[0040] Fig. 22 is a front view of a second cap (used in sucking time) serving as a communication mode selection 

function. 

[0041] Fig. 23 is a plan view of the second cap (used in sucking time) shown in Fig. 22. 
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100421 Fiq. 24 is a sectional view taken along a line D-D of Fig. 23. ,j a , iwor „ 
Jo43 Fig. 25 is an enlarged sectional view of the neighborhood of a communication passage o a Wood delivery 

hLicr! f poLoed blood reservoir in the state where the second cap (used in suckmg time) is .nstalled. 
£T ft I 26 fs an enCed TeZL view of the neighborhood of a communication passage of a blood delivery 
mec^anislquippeS blood'reservoir in the state where a first cap (used in non-sucking t,me) according to another 

SsrFTj'^isltctional view of a communication mode selection function of a biood delivery mechanism- 
L. ,inn*H hinnri reservoir at a non-sucking time according to another embodiment. 

Z^S^TT^i view of a communication mode selection function of a blood delivery mechan,sm- 
off. .innPri blood reservoir at a sucking time according to another embodiment. 

m^^T!^L\ view of a communication mode selection function of a blood delivery mechamsm- 
eauioped blood reservoir at a sucking time according to another embodiment. 

[OoTs! Hg 30 is a sectional view of a blood delivery mechanism-equipped blood reservo.r according to another 

anism-equipped blood reservoir, shown in Fig. 30, at a non-sucking time. n ,^ m orh 
[oTsO] Fig 32 shows a state where a communication mode selection function to be used for a blood delivery mech- 
anism-equipped blood reservoir, shown in Fig. 30, at a sucking time according to another embodiment 
S] Fig 33 shows a state where a communication mode selection function to be used for a blood delivery mech- 
anism-equipped blood reservoir, shown in Fig. 30. at a non-sucking time according to another -embodiment. 
[0052] Fig 34 shows the communication mode selection function, shown in Fig. 33, at a sucking time. 

DETAILED DESCRIPTION 

[0053] A blood oxygenating apparatus having blood delivery mechanism^quipped blood reservoir of the present 
invention will be described in detail below with reference to the drawings. 

0054 A blood oxygenating apparatus (pump oxygenator apparatus)1 of the present invention comprises a blood 
delivery IchanisXiPPed blood reservoir including a blood storing portion 1 0; a blood delivery mechanism having 
^r^ZSJk 3b having de.ivery blood reserving portions 30a, 30b, respecti -'Y co-municating wrth 
tt blood storing portion 10 and reserving blood in an amount proportional to an amount of blood stored in the b ood 
storing portion 10 when the amount of the blood stored in the blood storing portion 10 becomes equal to or less than 
a D^ernTed value and capable of flowing out blood stored in the delivery blood reserving portions 30a, 30b when 
taSZ^^^X Potions 30a. 30 b are pressed from outside; and a heat exchange function-provide ox^ 
aenato 1 connected with a blood outlet port of the blood delivery mechanism-equipped blood reservoir 2^The blood 
^Zon7Z% g e^ 5 communicates with the vicinity of an upper end of a blood chamber proved .ns,de the 
oxygenator 5. Preferably, the blood outlet port communicates with an uppermost end of the blood chamber 
[0055 I More specificahy, the blood oxygenating apparatus 1 includes the blood storing portion 10 storing a spec fied 
Sum reservL amount of blood; the blood reservoir 2 including the blood delivery mechamsm having the blood 
~ng ZZ2 3a 3b provided with the de.ivery blood reserving portions 30a, 30b, respectively ~^n'cat,ng 
wlThe blood storing portion 10 and reserving blood in the amount proportional to the amount of blood stored I in the 
Zd storing portion 10 when the amount of the blood stored in the blood storing port on 10 J? 
than the predetermined value and capable of flowing out blood stored in the delivery blood reserving portions 30a, 30b 

ln^ 

oxygenator 5 connected with the blood outlet port of the blood delivery mechanism-equipped blood reservoir 2. The 
upper end of the blood chamber provided inside the oxygenator 5 is located at a position lower than the level of the 
surface of blood in the state where the blood storing portion 10 reserves the specified minimum amount of blood. The 
blood out et port of the oxygenator 5 communicates with the vicinity of the upper end of the blood chamber provided 
^S^STs^rabhr. the blood outlet port communicates with the uppermost end of the biood chamber 
[0056] F^3 shows the heat exchange function-provided oxygenator 5 and the blood delivery mechanism by cutting 
thorn alona a center line and a broken line A-A of Fig. 1 , respectively. 

0057] The bC delivery mechanism-equipped blood reservoir 2 includes a blood reservoir portior , 2e . delivery 
blood reserving members 3a, 3b; and blood passages 35a, 35b communicating the blood reservoir port-on 2 .and 
each of the delivery blood reserving members 3a, 3b with each other. The oxygenator 5 is '"Stalled on the blood 
reservoir portion 2a by hanging the former from the bottom surface of the latter. A blood inlet port 68 of the oxygenator 
5 is connected with a blood discharge opening 7 of the blood reservoir 2. ...... 

[0058] The blood storing portion 10 serves as a blood storing space in the blood reservoir portion , £ In the blood 
reservoir 2 when the surface of the blood in the blood reservoir 2 is at a level below the upper end of the diaphragms 
42a 42b as wd. as a horizontal position (Y). i.e., when the amount of the blood stored in the blood storing portion 10 
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is less than the predetermined value, the blood reserving members 3a, 3b store an amount of blood proportional to 
the amount of the blood stored in the blood storing portion 10. The blood in the blood reserving members 3a, 3b can 
be flowed out intermittently by pressing the delivery blood storing members 3a, 3b at the side of the diaphragms 42a, 
42b thereof from the outside. Therefore, when a remaining amount of the blood stored in the blood storing portion 10 
becomes small the blood is fed in a small amount in proportion to the remaining amount of the blood stored in the 
blood storing portion 10. That is, even though the remaining amount of the blood in the blood storing portion 10 becomes 
small the delivery of a small amount of blood is maintained. Thus, even though the remaining amount of the blood in 
the blood storing portion 10 becomes small, it is unnecessary to suspend the blood delivery operation and possible to 
prevent the blood from stagnating in the extracorporeal blood circulation circuit The blood reservoir stores the specified 
minimum reserving blood amount That is, when the surface of the blood in the blood storing portion 10 is located at 
the lower end of the delivery blood storing members 3a, 3b, namely, at the lowermost end (position shown with X of 
Fig. 3) of the diaphragms 42a. 42b, the blood is not delivered. In other words, it occurs that the surface of the blood in 
the blood storing portion 10 drops to the position shown with X of Fig. 3. 

[0059] The drop of the blood surface to the position shown with X means that the part above the position shown with 
X forms an air layer. The upper end of the blood chamber inside the oxygenator 5 is lower than the level (X) in the 
state where the specified minimum reserving blood amount is reserved in the blood storing portion 10. Therefore, air 
is prevented from flowing into the blood chamber of the oxygenator 5. When the amount of blood in the blood reservoir 
is restored to the predetermined amount, the delivery of blood can be started immediately without feeding air. A blood 
outlet port 69 of the oxygenator 5 communicates with the upper end of the blood chamber 67 provided inside the 
oxygenator 5 That is, the blood outlet port 69 is formed at an upper portion of the oxygenator 5. 
[0060] Let it be supposed that a considerably large amount of air is introduced into a conventional oxygenator. To 
prevent the air from flowing to the downstream side thereof, a conventional blood oxygenating apparatus has a blood 
outlet port provided at a lower portion (downstream from the center of a blood chamber) of the oxygenator to trap the 
air in the oxygenator. Thus, the conventional blood oxygenating apparatus is safe in this respect But it is difficult to 
remove air present upstream from a blood outlet port-connected port in a priming time, which causes the priming time 
to take long. Another problem is that residual air in the priming operation flows out when blood circulates. 
[0061] Unlike the conventional blood oxygenating apparatus, in the blood oxygenating apparatus 1 of the present 
invention the blood outlet port 69 of the oxygenator 5 communicates with the upper end of the blood chamber 67 
provided inside the oxygenator 5. That is, in performing priming operation of the blood chamber inside the oxygenator 
5 it is very easy to replace air inside the blood chamber with a fluid by using the blood delivery mechanism to be used 
for an extracorporeal blood circulation. Further, unlike the conventional blood delivery mechanism, the blood delivery 
mechanism which is used in the blood oxygenating apparatus 1 of the present invention does not deliver air to the 
oxygenator 5 when the amount of the blood in the blood storing portion decreases. Therefore, it is unnecessary to 
provide the oxygenator with an air trap mechanism. Moreover, because the blood outlet port 69 is provided on the 
upper portion of the oxygenator 5. it is easy to perform an operation of connecting tubes of the extracorporeal blood 
circulation circuit to the blood outlet port 69 and possible to use short tubes, which reduces a prim.ng volume. Further- 
more, it is possible to use a small loop consisting of upwardly extended tubes. Thus, the tubes do not interfere with 
medical appliances or the like in an operation. 

[0062] As shown in Figs. 1 through 3, the blood reservoir portion 2a has a housing constructed of a housing body 
23a and a lid body 23b both made of hard resin. The lid body 23b covering an opening formed at an upper portion of 
the housing body 23a is fitted into the upper end of the housing body 23a. As shown in Figs. 1 and 2, the lid body 23b 
has blood inlet ports 21, 22 and an air discharge opening 27. The blood inlet port 22 is connected with a card.otomy 
line delivering blood fed from an operation field. The blood inlet port 21 is connected with a blood drainage line delivering 
blood fed from a blood drainage cannula inserted into a patient's heart ascending/descending veins. 
[0063] The housing body 23a of the blood reservoir portion 2a and the lid body 23b thereof may be formed of any 
desired resin, for example, polycarbonate, acrylic resin, polyethylene terephthalate, polyethylene, polypropylene, pol- 
ystyrene, polyvinyl chloride, acryl-styrene copolymers, and acryl-butadiene-styrene copolymers. Polycarbonate, acrylic 
resin polystyrene, and polyvinyl chloride are especially preferred. 

[0064] In the housing body 23a, there are provided a blood filter (venous blood filter) 6 serving as an anti-foaming 
member and a foam-removing member for filtering blood introduced into the housing body 23a from the blood inlet 
port 21 ■ and a cardiotomy blood filter (not shown) for filtering blood introduced thereinto from the blood inlet port 22^ 
The lower end of the blood inlet port 21 extends into the blood storing portion 10 and is positioned inside the blood 
filter 6 All blood introduced into the housing body 23a from the blood inlet port 21 flows into the blood storing portion 
10 through the blood filter 6. Therefore, it is possible to prevent the blood introduced into the housing body 23a from 
the blood inlet port 21 from directly dripping to the surface of the blood stored inside the blood storing portion 1 0. More 
specifically the blood filter 6 is fixed to an inner surface of the lid body 23b and extends downward toward the lower 
end surface of the blood storing portion 10 such that the blood filter 6 encloses a projection portion, of the blood inlet 
port 21, projecting into the blood storing portion 10. 
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ro0651 The housing body 23a has a projection portion 23c projecting downward. The lower end oftaHoodlM 
minimum reserving amount of blood is reserveo in me u « i k positioned 

lltiittllSIi 

IT Amount of SK^lntJ J^-SSo portion 10, the blood introduced into the blood storing portion 10 
h° nThubb^ This i^ ^ bemuse the lower end of the blood filter 6 is located below the surface of the blood in the 
does not bubb '° of the bl00d sto red in the blood storing portion 10 increases and returns to 

va ue 3 ^uced **> the biood storing portion 10 hard,y T ; because 

iJt^?ttSttx?!Sr 6 is positioned below the surface of the blood in the blood storing port.cn 10. 
006* Th interior ^ the b.ood filter 6 is filled with an anti-foaming member 6a or a bubble-removing member for 

Pempppnded type. o,l type 0 the «•)• E »7^ 0 ,he ^ , buBble ellm i nat i ng mem ber is dipped in a 

■■■fit 

and restricts (prevents) the reverse flow of blood. 
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r00721 The first check valves 33a. 33b function as passage control members for blocking the communication between 
the blood storing portion 10 and the delivery blood reserving members 3a. 3b during the operation of the blood del.ver.ng 
drive units 4 as described below. The blood delivery instrument 3 is provided with the blood discharge opening 7 for 
communication with the blood flow passage portions 35a. 35b. Provided near the blood discharge opening 7 are second 
check valves 34a 34b that allow blood flow toward a side downstream from the blood flow passage portions 35a, 35b 
AM is the side at the blood reserving member 3) and restricts the reverse flow of blood. The second check valves 
34a 34b function as passage control members for blocking reverse blood flow from the downstream side toward the 
delivery blood reserving members 3a, 3b (that is, into the blood flow passage portions 35a, 35b) when the blood 
delivering drive unit 4 is not operated. ...... ^, «,» k~. ,oir,„ 

ro0731 Each check valve 33, 34 has a disc-shaped movable valve body a portion of wh.ch is secured to the housing. 
Preferably the movable valve body of each check valve has a slightly less specific gravity than blood, and a hardness 
of about 30 to 90 on Shore A scale. The valve bodies are preferably formed of. for example, styrene-based elastomer 
oil gel, silicone gel, silicone rubber, fluororubber or the like, to a thickness of about 0.5 to 5 mm. 
rO0741 Each of the delivery blood reserving members 3a. 3b includes the delivery blood reserving member body 
portions 41a 41b formed from a hard material; the flexible diaphragms 42a. 42b supported or fixed at its penpheral 
end to the delivery blood reserving member body portions 41a. 41b; and the delivery blood reserving portions 30a, 
30b (see Figs. 4 and 6) formed between the delivery blood storing member body portions 41a, 41b and the flexible 

r0075rFir?is 4 a 2 n enlarged sectional view of the blood delivery mechanism and surrounding parts of the blood 
delivery mechanism-equipped blood reservoir shown in Fig.3; and a lower portion of the blood storing portion and their 
surroundings, wherein the flexible diaphragms 42a, 42b are not pressed (blood is not being delivered). 
[00761 The blood reserving members 3a. 3b include the flexible diaphragms 42a, 42b. respectively forming a portion 
of the delivery blood reserving portions 30a, 30b, respectively. The flexible diaphragms 42a 42b are formed from a 
flexible material. The blood delivery mechanism-equipped blood reservoir 2 is provided with the blood delivering drive 
units 4a 4b that operate, at the time of blood delivery, to deform the flexible diaphragms 42a, 42b. that is deformable 
portions, so as to force blood out of the blood reserving members 3a, 3b. The blood delivering dnve units 4a. 4b will 

be described below. . , 

[0077] Each of the blood reserving member body portions 41a, 41b is provided with an inwardly concavity surface 
portion having the shape of a bowl. A peripheral end portion of each of the flexible diaphragms 42a, 42b ,s retained to 
a peripheral end portion of the concavity surface portion of the blood reserving member body portions 41a, 41 b in such 
a manner that the peripheral end portion of each of the flexible diaphragms 42a. 42b is inclined toward a central portion 
ofThe concavity surface portion. The entire inner surface of each of the blood reserving member body portions 41a 
41b, including the peripheral end portion, is receded in the form of a bowl. This receded or concave surfaces o he 
blood reserving member body portions 41a. 41 b closely contact the flexible diaphragms 42a. 42b respecbvely at he 
time of blood delivery. Thus, the delivery blood reserving portions 30a, 30b formed between the inner surface ^of the 
flexible diaphragms 42a, 42b and the concave surfaces of the blood reserving member body portions 41a. 41b is a 

S^TheTeXheral ^portion of each of the flexible diaphragms 42a. 42b is clamped between the peripheral 
end portion of the blood reserving member body portions 41a. 41b (a portion slightly inward from the peripheral end) 
and an outer peripheral portion of diaphragm retaining annular members 53a, 53b. 

[0079] The maximum amount of blood that can be reserved by the delivery blood reserving members 3a, 3b (the 
maximum amount that can be contained therein, that is, the capacity thereof) varies depending on the 
blood reservoir portion 2a used. However, the capacity of the delivery blood reserving members 3 a « favorably 
about 20-500 ml and, particularly, about 50-500 ml. More favorably, the capacity thereof is about 50-300 ml and, par- 

So]^ ^fle^Chragms 42a, 42b have a shape corresponding to the shape of the inner ^surfaces > of the 
concavity surface portions of the blood reserving member body portions 41a. 41b. It is preferred that the pressure 
needed to deform me diaphragms 42a, 42b be equal to or less than 100 mmH 2 0. 

42a 42b become more sensitive in responding to changes in the amount of blood stored in the blood stor.ng port.on 
10 so that reservation of amounts of blood proportional to the amount of blood stored in the blood storing portion 10 
is more reliably ensured. The pressure needed to deform each of the flexible diaphragms 42a. 42b .s more favorably 

equal to or less than 50 mmH 2 0. . . . , 

[00811 The diaphragms 42a, 42b may be suitably formed from, for example, polyurethane, silicone, polyvinyl chloride, 
and the like. Particularly preferred materials are polyurethane and silicone, which are presently widely used for mem- 

5Sr«n^^*at the diaphragms 42a. 42b be sufficiently flexible. As an index of Ability compliance may 
be employed. The diaphragms 42a, 42b of the blood reserving members 3a. 3b have a compliance oi favorably , 2 mV 
secmmHg or higher and. more favorably, within the range of 5-30 ml/secmmHg. when the blood surface in the blood 
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storinq portion 10 of the blood reservoir 2 is lower than the uppermost portion of the inner space of each of the delivery 
blood reserving members 3a, 3b, that is. when the pressure sensitivity (liquid surface sensitivity) of the delivery blood 
reserving members 3a, 3b is effective. It is further preferred thatthe diaphragms 42a, 42b of the delivery blood reserving 
members 3a, 3b have a compliance that is lower than the aforementioned value, when the blood surface , ir i the blood 
storinq portion 1 0 of the blood reservoir 2 is higher than the uppermost portion of the inner space of each of the dehvery 
blood reserving members 3a, 3b. The resistance to blood inflow into the delivery blood reserving members 3a, 3b can 
be expressed by rate of blood inflow to the delivery blood reserving members 3a, 3b. The rate of blood inflow to the 
delivery blood reserving members 3a, 3b is preferably 20-600 ml/sec. 

[00831 It is preferred to provide the flexible diaphragms 42a, 42b with a reinforcement (not shown) which covers the 
outside of the diaphragms and whose peripheral end portion is fixed to the blood reserving member body portions 41 a 
41b Preferably, the diaphragm and the reinforcement combined have the following properties: the pressure needed 
to deform the diaphragm is equal to or less than 100 mmH 2 0; the rupture strength is equal to or greater than 5 kg 
cm2- and the diaphragm itself produces substantially no self-restoring force against deformation. It is preferred that 
the diaphragm and the reinforcement of each of the delivery blood reserving members 3a, 3b be not adhered to each 
other at all or except at the peripheral end portions thereof. The reinforcements may be provided in the form of a woven 
fabric, a non-woven fabric, a knitted fabric, a sheet material or the like. In view of strength, the form of a woven or 
knitted fabric is preferred. As for examples of the material of the reinforcements, polyethylene terephthalate, nylon 6, 
nylon 66 regenerated cellulose, polypropylene, fiber-reinforced plastics (FRP, with aramid fiber or the l.ke), stainless 
steel, aluminum or the like may be suitably used. Particularly preferred are polyethylene terephthalate, nylon 6, nylon 
66 regenerated cellulose and polypropylene. 

r00841 The delivery blood reserving members 3a, 3b have the delivery blood reserving portions 30a, 30b, respectively 
provided therein and communicate with the blood passages 35a. 35b positioned at a lower portion (lower end of the 
blood reserving members 3a. 3b. The delivery blood reserving members 3a, 3b are positioned above the first check 
valves 33a, 33b defining boundary sites between the blood storing portion 10 and the blood flow passage portions 
35a 35b The delivery blood reserving members 3a, 3b extend substantially horizontally. If the blood surface in the 
blood storing portion 10 is below the uppermost end of the delivery blood reserving portions 30a, 30b (inner space) of 
the delivery blood reserving members 3a, 3b, amounts of blood proportional to the blood surface in the blood storing 
portion 10 flow into the delivery blood reserving members 3a, 3b. If the blood surface in the blood storing portion 10 
is above the uppermost end of the delivery blood reserving portions 30a, 30b (inner space) of the dehvery blood re- 
serving members 3a, 3b, the maximum amount of blood flows into the delivery blood reserving members 3a, 3b (as 
shown in Fig. 5) since the maximum capacity of the delivery blood reserving portions 30a, 30b of the delivery blood 
reserving members 3a, 3b is fixed. 

[0085] More specifically, the delivery blood reserving members 3a, 3b receive pressure proportional to the amount 
of blood stored in the blood storing portion 1 0, thus forming pressure-sensitive containers. If the amount of blood (liquid 
surface) in the blood storing portion 10 is equal to or greater than a predetermined amount (in this embodiment the 
blood surface in the blood storing portion 10 is above the uppermost end of the inner space of the delivery blood 
reserving members 3a, 3b), the amount of blood reserved in thedelivery blood reserving members 3a, 3 b is determined 
by the maximum capacity thereof, not by the pressure corresponding to the amount of blood stored in the blood stonng 
portion 10 That is, the delivery blood reserving members 3a, 3b reserve the maximum amount of blood. If the amount 
of blood stored in the blood storing portion 10 is equal to or less than the predetermined amount (in this embodiment 
the blood surface in the blood reservoir portion 2a is below the uppermost end of the inner space of the delivery blood 
reserving members 3a, 3b), the pressure sensitivity of the delivery blood reserving members 3a, 3b becomes effective 
so that the delivery blood reserving members 3a, 3b reserve amounts of blood proportional to the amount of blood 
stored in the blood storing portion 10 (that is. the level of the blood surface in the blood reservo.r portion 2a). In short 
the delivery blood reserving members 3a, 3b function to automatically reserve amounts of blood proportional to the 
amount of blood stored in the blood storing portion 10 when the amount of blood in the blood storing portion 1 0 is equal 

to or less than the predetermined value. *. M *...i«*mitaiii, 
[0086] The delivery blood reserving members 3a. 3b do not spontaneously draw in blood, that is, do no substantially 
have self-shape-restoring characteristic. If the delivery blood reserving members 3a, 3b were formed so that the mem- 
bers have a preset shape and self-shape-restoring characteristic, the delivery blood reserving members 3a. 3b would 
restore their preset shape when the load from the drive members for forcing blood out of the members 3a. 3b is removed 
after blood is thereby forced out Then the self-restoring force of the delivery blood reserving members 3a 3b would 
cause a suction force, whereby blood would be drawn back into the delivery blood reserving members 3a. 3b from the 
side of the blood reservoir portion 2a. In short, the delivery blood reserving members 3a, 3b would retain a certain 
minimum level of blood, below which the pressure sensitivity could not be effective. A 
[0087] The capacity of each of the blood flow passage portions 35a, 35b (that is, a blood passage partiahy defined 
by the blood inlet of the delivery blood reserving portions 30a, 30b and the first and second check valves 33a, 34a or 
33b 34b) of the blood delivery instrument 3 is preferably equal to or less than 1 50 ml. Each of the blood flow passage 
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,, Pre wood surfer* in f'J^^^^Z^S^^ i*» *• » <■» 
predetermined value. It is preferred MM °£ , inventl0 „, me pressure loss Is preferably 130 

S^le^^^ 

reserving members can be ensured. nassaa e Dortions 35a, 35b be smaller than the 

in the blood flow passage portions 35a, 35b. ^u^enitahlv he formed from forexample, polycarbonate, 

prole a biocd reserving member bod, poreon and a o£dta» ^^SX^SSS. 3b in suob a 
blood delivery instrument 3 fern, a blood f^™*?"™^ ^ „. bl00d resen( i„ g member-pressurizing 

• Ss^^^ 

portion thereof. nnrfinnc 4 o a 4 o b an annular portion slightly inward from 

. [0093] in each of the blood reserving "J^T^ end portionoftL diaphragm 

aperipheralend portion thereof ■sclampedb^ retajnjng 

retaining annular members 53a, 53b_and^ 

annularmembers 53a, 53b retams both thediaphragms42a,4^ y member-pressu- 

43a, 43b, and controls excessive expansion of the i diaphragms ^^^^^ Lei members for 

so as shown In Fig. 5. When expanded, the EES.* — « 

r^rn=r^^ 

members 3a. 3b (the interior of the delivery blood reserving 42a 42b) and the blood reserving 

[OOP*, The spaces between , fhe biood «-^t«SSC»i 3a. 3b and Pre biood 
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annular members 53a. 53b which are component members of the blood delivering dr.ve un.ts 4a, 4b and the other 
end 7xZ Zar body 52 communicates with an upper portion of the interior of the blood stonng port™ 1 Z 
r0096 P eferred examples of elastic materials used to form the blood reserving member-pressurizing portions 43a, 
43 Sdude syrette rubbers such as urethane rubber, silicone rubber, butadiene rubber and the I. e. natural rubbers 
Ich as latex Iber and the like, and elastomers such as olefin-based elastomer, amide-based elastomer, styrene- 
basedelas^ 

adiult na the amount or pressure of the fluid fed into the drive unit. The amount of blood delivered may be easily 
of times of driving the blood delivering drive unit per predetermined length of time. 

m 0 98] The Tod delivery mechanism-equipped blood reservoir 2 of this embodiment ,s equipped with the too ,** 
of the delivery blood storing member and the blood delivering drive unit 4, as described above. Further, ^ two separate 
Wood flow passage portions 35 (35a, 35b) are provided without communication therebetween, as shown .n Figs. 5 and 

By P Z ng wo or mo e sets thereof in this manner, the capacity of each of the delivery blood reserving members 
L 3b an^ach of the blood delivering drive units 4a, 4b can be reduced, so that the blood inflow and discharge 
LonsTlproves Furthermore, if two or more sets of the delivery blood storing member and the blood de venng 
Z unft rare provided, good blood flow may be achieved by shifting the expanding strokes of the blood delivering 
drive units 4 4b in timing from each other. If the expanding timing of the blood delivering drive units 4a 4b is thus 

fled twoiblood from one blood reserving me^^^^ 
blood reserving members are provided with the separate blood flow passage port.ons 35a, 35b The constructor or 
metventio^ is 1 limited by this embodiment The number of sets of the delivery blood reserving member and the 
b^d deteriig *towft may also be one, or three or more. In addition, although the blood delivermg drive units 4a 
^iSK ^expansion and contraction through fluid operation, the blood delivering drive unit ,s not 
re8 iricted by Ms Sng manner P For exampie, the blood delivering drive unit may mechanically dnve a pressunzmg 

dTery mechanism-equipped blood reservoir 2, and furthermore, the individual blood delivering dnve unjcan be 
seoaratercontroLd by a fluid supply machine for blood delivery, it becomes possible to select the form of blood flow 
fo tetol l e spedfically, select a pulse flow or a constant flow, considering the conditions of a patient the type 
of t e oxygeZr usafor th'e like. It becomes also possible to change the form of delivery blood flow wh.le un use 
crSfir^ v a substantiallv constant blood flow can be achieved by shifting the phases of the blood flow out of 

T^s^^^^^ 3b * substantiaiiy 18 °° from each othen tha i is ' by sh K in : h g : 

Siase o?flu flowing into and out of the blood delivering drive units 4a, 4b by substantially 180° from each other. A 
Z? Jslt*™ZZiev*6 by setting the phases of blood flow out of the individual blood reserving members 
Tab to substenttally the same phase or within ±30°, that is, by setting the phases of fluid flowing into and out of the 
MM^rtT 4? to substantially the same phase or within ±30°. If three or more sets of the delivery 

booastoZ^ 

^r^^TSSthe phases of blood flow out of the individual delivery blood reserving members by an angle 
obtained bv dividinq 360° by the number of the sets provided. 

members 3a. 3b are surrounded with the delivery blood reserving member body portions 41 a, 41b, and are not exposed 
to the outside. Thus, the function of protective covers for the diaphragms are provided 
roi 011 Next the heat exchange function-equipped oxygenator 5 will be descnbed below^ 
0 02 The heat exchange function-provided oxygenator 5 includes a cylindrical heat exchanger portion , « hoHow 
fiber bundle 62 composed of a large number of gas exchange hollow fibers and *™™™™ m * Xhe ^ 6 ^. 
exchange portion 6u therein; a housing 63 accommodating the cylindrical hollow fiber bundle 62 and the cy .ndncal 
heat exchaSqe portion 60 therein; partitioning walls 85. 86 for fixing either end of the cyl.ndncal hollow fiber bundle 
62 to the ^^.ousi g 63 and to the cylindrical heat exchanger portion 60, with either end of the hollow fiber open; a b ood 
Samber 67 formed of an inner surface of the housing 63, an outer surface of the hollow fiber an outer surface o the 
cldrical hea exchanger portion 60, and the partitioning walls 85, 86; and a blood inlet port .68 and la blood outlet 
7ort 6 "oth formed on the housing 63 and communicating with the blood chamber 67 •»^^^" 
outlet port 72 both communicating with an interior of the hollow fiber; and a heating medium ntet port 73 and a heating 
medium outlet port 74 both communicating with an interior of the cylindncal heat exchanger portion 60 
mm The housing 63 of the oxygenator 5 of the embodiment shown in Fig. 3 includes a cylindncal housing body 
63a a fir^header 83 having the gas inlet port 71 , the heating medium inlet port 73. and the heat.ng medium ou let 
port 74 HI Z se<»nd header 82 having the gas outlet port 72. The blood inlet port 68 is formed at a pos,t,on m the 
vicinity of the upper end of the side surface of the cylindrical housing body 63a. 
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[0104] The cylindrical hollow fiber bundle 62 is wound on the outer surface of a core 91 having a large number of 
openings 92 formed thereon. The cylindrical heat exchanger portion 60 is accommodated inside the core 91 . A blood 
communication portion 93 (a part of the blood chamber 67) communicating with the blood inlet port 68 and the blood 
outlet port 69 is formed between an inner surface of the core 91 and an outer surface of the cylindrical heat exchanger 

5 portion 60. The blood chamber 67 is formed between an outer surface of the hollow fiber and an inner surface of the 
cylindrical housing body 63a. Formed inside the cylindrical heat exchanger portion 60 is a heating medium communi- 
cation chamber 76 communicating with the heating medium inlet port 73 and the heating medium outlet port 74. 
[0105] In the oxygenator 5, blood introduced into the oxygenator 5 from the blood inlet port 68 is heatexchanged 
while it is flowing between the inner surface of the core 91 and the outer surface of the cylindrical heat exchanger 

10 portion 60. Then, the blood flows into the hollow fiber bundle 62 (into the blood chamber 67) from the opening 92 of 
the core 91. Upon contact between the blood and the hollow fiber, gases contained in the blood are exchanged with 
each other. The blood which has passed through the cylindrical hollow fiber bundle 62 flows into an annular space (a 
part of the blood chamber 67) formed between the cylindrical hollow fiber bundle 62 and the inner surface of the 
cylindrical housing body 63a and then flows out from the blood outlet port 69. The annular space may not be provided. 

15 [0106] As described above, the upper end of the blood chamber inside the oxygenator 5 is lower than the level (X) 
in the state where the specified minimum reserving amount of blood is reserved inside the blood storing portion 10. 
Further, as described above, the blood inlet port 68 is formed at the position in the vicinity of the upper end of the side 
surface of the cylindrical housing body 63a. The blood outlet port 69 of the oxygenator 5 communicates with an upper 
end or its proximity of a blood chamber provided inside the oxygenator 5. It is to be noted that in the blood oxygenating 

20 apparatus 1 of the embodiment, the oxygenator 5 includes the cylindrical housing 63 extending substantially horizon- 
tally; and the blood chamber 67 formed inside the cylindrical housing 63. It is to be also noted that the blood outlet port 
69 is formed at the upper end of the side surface of the cylindrical housing 63. That is, the blood outlet port 69 is so 
constructed that it extends upward from the upper end of the blood chamber 67 formed inside the cylindrical housing 
63. In the oxygenator 5 of the embodiment, the blood outlet port 69 extends obliquely upward. More specifically, the 

25 blood outlet port 69 extends obliquely upward in a direction opposite to the location of the blood delivery mechanism. 
Therefore, it is easy to perform a circuit-tube connection operation and connected tubes seldom interfere with medical 
appliances or the like. 

[0107] Preferably, the outer diameter of the cylindrical hollow fiber bundle 62 is 30-144 mm. Preferably, the filling 

factor of the cylindrical hollow fiber bundle 62 is 45 - 75%. 
30 [01 08] A porous is used to make the gas exchange hollow fiber. Favorably, the inner diameter of the porous hollow 

fiber is favorably, 50 - 1000 jam, and more favorably, 54.0 - 84.0 ^im. Favorably, the thickness of the porous hollow fiber 

is 5 - 200 ^im, and more favorably, 10 - 100 ^im. The outer diameter of the porous hollow fiber is favorably, 66.0 - 106.0 
The porosity of the porous hollow fiber is favorably, 20 - 80%, and more favorably, 30 - 60%. The diameter of the 

pore of the porous hollow fiber is favorably, 0.01 - 5 ^im, and more favorably, 0.01 - 1 ^m. Hydrophobic polymers are 
35 used to form the porous hollow fiber. Exemplary hydrophobic polymers include polypropylene, polyethylene, polysul- 

fone, polyacrylonitrile, polytetrafluoroethylene, and cellulose acetate. Preferred among others are polyolefin resins, 

especially polypropylene. Porous hollow fibers of polypropylene having micropores formed thereon by drawing method 

or solid-liquid phase separation method are desirable. Preferably, the thickness of the cylindrical hollow fiber bundle 

62 is in the range of 5 - 25 mm. 
40 [0109] The partitioning walls 85 and 86 are formed of an adhesive and elastic potting material made of such as 

polyurethane, silicone rubber, and the like. The cylindrical hollow fiber bundle 62, the cylindrical heat exchanger portion 

60, and the housing 63 are not necessarily coaxial with one another. 

[0110] The cylindrical heat exchanger portion 60 of bellows type is preferable. A cylindrical member of bellows type 
which is a component part of the outer surface of the cylindrical heat exchanger portion 60 is formed of metal such as 

45 stainless steel, aluminum or the like or a resinous material such as polyethylene, polycarbonate or the like. These 
materials are formed in the shape of bellows having fine pleats formed thereon. As the material of the cylindrical 
member of bellows type, metal such as stainless steel or aluminum is more favorable in consideration of strength and 
heat exchange effectiveness thereof. The cylindrical heat exchanger portion 60 of the embodiment is formed as a 
bellow pipe having a large number of convex and concave portions formed repeatedly and substantially perpendicularly 

50 to the axial direction thereof. In consideration of the heat exchange effectiveness of the cylindrical heat exchanger 
portion 60, the difference in height between a mountain of the bellows and a valley thereof is favorably 5.0 - 15.0mm 
and more favorably 9.0 - 1 2.0 mm. 

[0111] The cylindrical heat exchanger portion 60 having an axial length of 70.0 - 150 mm is used, although the axial 
length thereof is different according to a patient. 
55 [0112] The cylindrical heat exchanger portion 60 is constructed of a cylindrical member of bellows type forming the 
outer surface thereof and an inner cylindrical member 75 accommodated inside the cylindrical member of bellows type. 
A heating medium chamber 76 is formed between the inner cylindrical member 75 and the cylindrical member of bellows 
type. The inner cylindrical member 75 is closed on a bottom surface thereof. The inner cylindrical member 75 has at 
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the side surface thereof two openings 95a, 95b; the heating medium inlet port 73; and the taring mec Jum outlet jport 
74 The interior of the inner cylindrical member 75 is divided into first and second inner chambers 77a, 77b. The heat ng 
medium inlet port 73 communicates with the first inner chamber 77a. The heating medium outlet port 74 communicates 
with the second inner chamber 77b. A heat exchange medium introduced into the cylindrical heat exchanger portion 
60 from the heating medium inlet port 73 flows into the first inner chamber 77a, passes through the opening 95a and 
flows through the space between the cylindrical member of bellows type and the inner cylindrical member 75 flows 
into the second inner chamber 77b from the opening 95b, and flows out from the heating medium outlet port 74. 
[0113] The inner cylindrical member 75 is formed of synthetic resin or metal such as sta.nless steel, dum>num or 
he like It is preferable that the heat exchanger portion 60 is cylindrical; that the outer diameter thereof is 20 - 100 mm; 
and that the length (effective length) thereof is 15 - 765 mm. The cylindrical member of bellow type and the inner 
cylindrical member constituting the cylindrical heat exchanger portion 60 may be integral with each other. In th.s case, 
preferably, the cylindrical heat exchanger portion 60 is formed of metal. 

[0114] The housing body 63a may be cylindrical, polygonally cylindrical or elliptic in section. Preferably, the cyl.ndr.cal 
housing body 63a is cylindrical. Preferably, the inner diameter of the cylindrical housing body 63a is 30-150 mm, and 
the length (effective length) thereof is 30 - 750 mm. 

[0115] The cylindrical housing body 63a, the inner cylindrical member 75, a lid body, the first header 83, and the 
second header 82 can be formed of polyolefin (for example, polyethylene, polypropylene), ester resin (for example, 
polyethylene terephthalate), styrene resin (for example, polystyrene, MS resin, MBS resin), polycarbonate or the like. 
[01161 It is preferable that the blood contact surface of the blood oxygenating apparatus is formed as an antithrombic 
surface In particular, it is preferable that the delivery blood reserving members 3a, 3b, the blood passages 35a, 35b, 
the first check valves 33a, 33b, the second check valves 34a, 34b have a blood contact surface, respectively. 
[0117] The antithrombic surface may be formed by applying and fixing an antithrombin to the surface. Exemplary 
antithrombins are heparin, urokinase, HEMA-St-HEMA copolymers, and poly-HEMA. 

[01181 Preferably, the antithrombic surface is formed by treating a substrate with ozone to form functional group- 
bearing oxides on the substrate surface and applying heparin to the surface so that an amino group of heparin forms 
a covalent bond with the functional group directly or through a coupling agent This method permits heparin to be fixed 
on the blood wetting surface without the use of a solvent, minimizing a change of physical properties (e.g., flexibility, 
elasticity and strength) of the substrate presenting the blood wetting surface. 

joili] Through ozone treatment, oxides are formed on the substrate surface and high reactive functional groups 
such as aldehyde, ketone, and epoxy groups are generated in the oxides. . ,. . an(>a 

[0120] Amino groups of heparin can directly bond with these functional groups. For the reason of stenc hindrance 
or other introducing a spacer or coupling agent into these functional groups prior to fixation of hepann ,s easy and 
useful from the standpoint that the surface allows heparin to develop its activity. The coupling agents may be used 
alone or in admixture of two or more. Compounds having at least two aldehyde or epoxy groups are preferred. 
[0121] Where two or more coupling agents are used, the preferred sequence is by first bonding a coupling agent 
spacer coupling agent) in the form of a compound having at least two amino groups with the functional groups previ- 
ously introduced in the substrate, to thereby introduce amino acid into the substrate, and thereafter bonding heparin 
to the substrate with the aid of a coupling agent (heparin-fixing coupling agent) in the form of a compound having at 
least two aldehyde or epoxy groups. In bonding heparin, the coupling agent is preferably admitted into the reaction 
system at the same time as or subsequent to heparin admission. u ctanlialK , th« 

[0122] Especially when an amino group is introduced using a spacer coupling agent, it displays substantia y he 
same reactivity as the amino group of heparin in the reaction system so that subsequent fixation of heparin to the 
substrate by the heparin-fixing coupling agent may take place more effectively. 

[0123] Where the functional group of a coupling agentto directly bond with heparin or the functional group introduced 
into the substrate is an aldehyde group, it is preferable to use heparin in which some N-sulfate groups are desulfunzed 

MmT 7^eZTL the spacer coupling agent is one that forms a bond (covalent bond) with the functional 
group introduced on the substrate by ozone treatment and has at least two primary amino groups. Examp es of the 
spacer coupling agent having at least two amino groups include polyethylene imine (PEI), polyethylene glycol diamine, 
ethylene diamine, and tetramethylene diamine. .^...i^h^a 
[0125] Aldehyde and epoxy compounds are preferable as the coupling agent used for fixmg heparin to the substrate. 
Exemplary of the aldehyde compound are g.utaraldehyde. glyoxal, and succindialdehyde. Exemplary of the . epoxy 
compound are polyethylene glycol diglycidyl ether, 1 ,4-butanediol diglycidyl ether, sorbitol diglycdyl ether, and glycerol 

lolled nTusfrative examples are Denaco. EX-421 . 521 , 611 , 612, 614. and 614B where the epoxy compound ^ sorbitol 
diglycidyl ether; Denacol EX-31 3 where the diepoxy compound is glycerol diglycidyl ether; Denacol EX-81 0,811, 85 , 
821 830 832 841 and 861 where the diepoxy compound is polyethylene glycol diglycidyl ether, all commercially 
available from Nagase Chemicals K.K. Denacol EX-313, 421, 512, 521, 810, 811, 821. and 851 are preferred when 
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the difference of epoxy reactivity is considered. In the above-mentioned heparin fixation, coupling-off of heparin is 
mfnS s^ce the bond between poiyethylene imine fixed to the substrate and glutaraldehyde and the bond between 

lautoed I blood reservoir, in performing priming operation of the blood chamber inside the oxygenator, .t is very easy 
t S» air ZdTthe Wood chamber with a fluid by using the blood delivery mechanism used for an extracorporeal 
ZTJ^aZ For**, the blood delivery mechanism does not deliver air to the oxygenator in normal blood delivery 

andle^ 

Therefore it is unnecessary to provide the oxygenator with an air trap mechanism wh,ch .s formed by locating the 
Wood o e ort of the oxygenator at a position downstream from the center of the blood chamber ,n the oxygenator 
Moreover even though such an air trap mechanism is not provided, it does not occur that a.r .s no delivered to the 
ZZ^rLZre, it is easy to perform an operation of connecting tubes of the extracorporeal blood circulation 
S to the blood outle port, and possible to use short tubes, which reduces a priming volume. Furthermore, it is 
possible tc ! use a short loop consisSng of upwardly extended tubes. Thus, the tubes do not .nterfere with med,cal 

^IZ^rZ^L oxygenating circuit of the present invention and the blood oxygenating circuit 
aooaratus having the bubble remover will be described in detail below with reference to drawings. 
SET Fig 7 a front view showing the bubble remover for a blood oxygenating circuit according to an embodiment 
of tne present invention. Fig. 8 is a sectional view of the bubble remover shown in Fig. 7. Fig. 9 is a sectional view 

roi^Tbub^ 

from an oxygenator 5 of the blood oxygenating circuit comprising a blood delivery mechanism^quipped blood reserve 
Sng a Wood storing portion and a blood delivery mechanism having a blood reserving member having a del very 
Wood reserving portion communicating with the blood storing portion and reserving blood in an amoun •Proportonal 
L an amount of blood stored in the blood storing portion when the amount of the blood stored in the b lood stonng 
oortion becomes equal to or less than a predetermined value and capable of flowing out blood stored in the delivery 
Ke?e^r P oXn when the delivery blood reserving portion is pressed from outside; and the oxygenator 5 con- 
SSJdTSSSet port of the blood delivery mechanism. The bubble remover 100 has the fbl.ow.ng relationship 
between an internal capacity (ml) and a maximum use flow (L/min). 

Internal capacity (ml)/maximum use flow (L/min) S 15 

[0131] In the embodiment which will be described below, the blood reservoir 2 having the blood st orin c I P«*nand 
he blood delivery mechanism is used. The present invention is not limited to the embodiment, bu it . jpanMeto 
adopt a blood reservoir having a construction in which the blood storing portion (blood reservoir) and the blood delivery 
mechanism are separately provided and connected with each other with a tube. 

[0132] As Z be described later, the blood reservoir 2 for use in the blood oxygenating circuit apparatus provided 
wi h t e bubble remover 100 of the embodiment includes a blood storing portion 10; blood reserving members 3a 3b 
p ovided with a delivery blood reserving portion, respectively communicating with the blood stonng port on 10 and 
re 7eX blood in an amount proportional to an amount of blood stored in the blood stonng portion 10 when the amount 
S the blood stored in the blood storing portion 10 becomes equal to or less than a predetermined value and capable 
of flotTg oufbTd stored in the delivery blood reserving portion when the delivery blood reserving port,on ,s pressed 

^through 4 show the state in which the heat exchange function-equipped oxygenator is installed on the 
Lid deS mechanism-equipped blood reservoir. Fig. 3 shows the oxygenator 5 and the blood del,very mechanism 
bv cutting them along a center line and a broken line A-A of Fig. 1 . respectively. 

[0134 in the blood delivery mechanism-equipped blood reservoir 2, when the surface of the blood in the Wood 
esen/oir 2 is at a level below the upper end of the diaphragms 42a, 42b as well as a horizontal position (Y), i.e., when 
nf amoun ofbtooT tored in the Mood storing portion 10 is less than a predetermined value, the blood reserving 
members 3a 3b store an amount of blood proportional to the amount of the blood stored in the blood stonng portion 
To The Wood in the blood reserving members 3a. 3b can be discharged intermittently by pressing the delivery blood 
torinc ^mlbers 3a \ b at the side of the diaphragms 42a, 42b thereof from the outside. Therefore, when a remaining 
amount ofThe ood stored in the blood storing portion 10 becomes small, blood is fed in a small amount in proportion 
^^S^Sourt of Ihe blood stored in the blood storing portion 10. That is. even though the remaining amount 
of tne Wood in the blood storing portion 10 becomes small, the delivery of a small amount of blood is maintained Thus 
even though the remaining amount of the blood in the blood storing portion 10 becomes small, it is unnecessary to 
su Send he blood defivery and possible to prevent blood from stagnating in the extracorporeal blood circulation circuit 
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^Tr^Vhtuhe surface of the blood in the blood storing portion 10 drops to the pos.t.on shown with X of Fig. 3. 
SSS S^^»«r«««y nanism, air does not flow into the delivery blood storing members 3a 3b, 
11 t SrPd toTe oxvaenator side regardless of whether the amount of the blood in the blood storing port.on 
air is not dehvered to he WW™ " °* the b|ood delivery me chanism-provided blood reservoir 2 having 

of a^flow So tt,e circuit while blood is circulating extracorporeally. unlike a conventional blood delivery means. Further 
tZl^T^o* removal of air which has not been removed in a priming work, a filtering capacty, and 

S^hf bubble remover 100 of the present invention has a housing 112 constructed of an upper housing 112a 
S^^TS^. upper housing 112a and the lower housing 112b are joined with each other after a 

a air venUdeaeration opening) 115; and the filtering member 116 accommodated m the housing 112 such that the 
IZZl^e Te divWes the interior of the housing 112 into a blood inlet-side space 117 ™™"^<^ 
kiL in^nort 113 1 and a blood outlet-side space 118 communicating with the blood outlet port 114. The internal 

cap^ 

haps of * o sing 12 is substantially circular. The blood inlet port 113 is formed on the penpheral surface of the 
EST The upper housing 112a of the housing 112 is truncated cone-shaped. That is, outer and inner diameters of 

S-sty-ene copoV*. and aoryi-tiutadiane-styrane copers. It is prefsraMa that tha houw, 112 ,s 

the internal capacity (ml) and the maximum use flow rate (L/min) is as shown below: 

Internal capacity (ml)/maximum use flow rate (Umin) =S 15. 
F01451 BecauMthelntomal 

Jcrtase ofTbTood filling amount (dead volume) is very small. More favorably, 4 S .ntemal capacity (ml ) ' ^irnurn 
use flow rate (S, * 15. If internal capacity (ml) / maximum use flow rate (Umin) § 4 * » P^^^ 
inside the bubble remover 1 00 of internal spiral current type which ,s used m the embod.ment and thus 
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caused incS oHh Sood filling amount (dead volume) is very small. Favorably, the diameter of each of the m let 
oort 1 3 and the bLod outlet port Tl4 is 8 mm or more to accomplish a preferable extracorporeal circulation, name* 
to orevent a IssuTe loss from being great when the flow rate of blood is 0.5 - 7 L/min necessary for performing an 
eIZmea\7ZZ for adults, m some conventional bubble removers for children having an internal capacity of 
35 mZess Z diameter of each of its inlet port 113 and its blood outlet port 114 is not large enough to flow blood 
a TrateTabout 7 uZ necessary for performing an extracorporeal circulation for adults. Favorably, the mternal 
^LadLf the bubbleTemover is 30- 105 ml. When the internal capacity thereof is 30 ml or more, it .s possible to 
Z^slT^Z^Zns\6e the bubble remover of interna, spiral current type which is used in the embodiment 
Zr Whereof is 105 m, or less, it is possible to reduce the blood filling amount (dead volume). 

More favorably, the internal capacity of the bubble remover is 40 - 100 ml. 

ToiTt Favorably the diameter of each of the blood inlet port 113 and the blood outlet port 1 4 .s 8 - 12 mm. When 
iUs 8 mm or more blood can be flowed at a rate of about 7 L/min necessary for performing an extracorporal < culabon 
for adulte When i is 1 2 mm or less, a pressure loss is low. More favorably, the diameter of each of the Wood inlet port 
13 and Jbloo outlet port 114 is 9.5 10.5 mm. The pressure loss (hematcrit (Hct) value: 35% when blood o 37>C 
s ciSated at a flow rate 8 L/min) is favorably 60 mmHg or less. More favorably, the pressure loss (hematcr, (Hct) 
vair 3 5% when Wood of 37°C is circulated at a flow rate 8 L/min) is favorably 40 mmHg or less^ As the iWmg 
capabS oi the bubble remover, it is preferable to catch bubb.es/partic.es of 40um at 98% or more and catch bubbles/ 

?0 a i481 S Nex? reconllTof the filtering member 116 will be described in detail below. The filtering member 116 
r^^JS^L a plurality of pleats 116a of a folded porous material are arranged radially. An opening 
SE^tSKTS at the apex side thereof is sea.ed with a filler materia, member 119. The , outer, *ameter of 
11 filterinq member 116 becomes gradually larger from the upper end thereof toward the lower end thereof. That <s 
the I e ri g membe 116 is hol.ow truncated cone-shaped. Because the fi.tering member 11 6 has the f ove-described 
STSTITpo-lhl. to introduce blood into the blood inlet-side space 117 and form a sp.ral current the ein 
SS prlb^. Consequent.* the separation/removal efficiency of bubbles can be enhanced and the pres- 
sure loss can be reduced. Further, hemolysis can be suppressed. fnarnari 
101491 Th Slowing various porous materials can be used to form the filtering member 116: mesh, net, foamed 
materials wweSL non-woven fabrics and a combination thereof. For example, it is preferable to sandwich both 
TZ ^e7sl^^eoZwopy^e or polyester with a net made of polypropylene or polyester. The minimum 
SSil^.CS a X s material represented by the mesh and the net is favorably 20 - 200 urn, and more 

loiSOrAs 0 shownTn Fig. 8, the center of the surface (hereinafter referred to as lower surface 119a) of the filing 
material 119 at le side of the blood outlet-side space 118 projects toward the blood outlet-side space 118. The region 
from the surface 11 9a to the periphery of the filling material 11 9, in particular, the port,on traversing 

the Dleats 116a forms a predetermined angle with respect to a horizontal line. 

015 1 Because the lower surface 119a of the filling material 119 has such a shape, it is poss.ble to remove bubbles 
n ? TJSEZSSm 118 in priming operation efficiently and remove bubbles 
16a at a blood treatment operation efficiently. The average inclination of the lower surf ^JJf f ^ 
portion with respect to the horizontal line is not specified, but favorably, 5° or more and more favorably, 10 60 to 

EST ^CmSSmQ can be formed of the following materials: silicone, epoxy resin, polyolefins sue* £ 
olu^ 

as rubber materials. Polyurethane, silicone, and epoxy resin are particular y favorable^ 
rn-ittl The filterinq member 116 having the construction is produced by the following method. 
0 541 Rrst Zus Ta erial folded in the shape of a pleat is molded cylindrical* such that pleats are radial* 
a"; Iged Then the filg materia. 119 is injected into a cylindrical materia, thus prepared from the apex thereof. At 
this time the lower surface 119a of the filling material 119 may be horizontal. .■,«,.,.„„ 
MM Before filling material 119 is hardened completely, a die is inserted into the cyhndnca matenal thus i pre- 
^to^TbofflDS. portion of thefi.tering member 116. As a result, the filtering member 116 is ; formed m the 
S^S truncated cone and the lower surface 119a of the filling material 119 has the above-desenbed shape Then, 
t a CmateS 1l"s hardene^. and the die is removed. In this manner, the fi.tering member 116 as shown ,n F,g. 

foiBerTne above-described method allows the filtering member 116 to be truncated cone-shaped easily and the 
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El in. oort S^I^M current therein. If the blood contains bubbles, the bubb.es float upward ,n the upP e 

S3£E£EiMSrss=sffi=s. 

Thus Tbubbles r float up ward along the inclined surface, thus escaping the valley. Thus, -t .s poss.ble to prevent the 

roieT^odoxygenating circuit apparatus 150 comprises a blood reservoir 2 having a blood storing portion 
^bk^«£^3h«J. including a blood reserving member having a delivery ^ "^Jjj^ 

wmmmm*m 

J^^n^ciadly (ml) and a maximum use flow(Umin): interna, capacity (m.)/max,mum use flow (L/m.n) 
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with the upper end or its proximity of the blood chamber provided inside the oxygenator 5. Preferably, the blood outlet 

[0169] The blooa ox ^ enamg ^ n .*,.. des the b | 0od stor ing portion 10 storing a specified minimum 

for the blood °™™*2T^ZT„o™ U^T^ZryZoUsn^ including the blood reserving 
2 rC vLe°d w5h ^e^b ood Sng portions 30a, 30b, respectively communicating with the 
Woo s orina poZ 0 and reserving blood in the amount proportional to the amount of blood stored ,n the Wood 

oxygettoTs £!£2TSe blood outlet port of the blood delivery mechanism-equipped blood reserve, 2 The 
uooer end of the blood chamber provided inside the oxygenator 5 is located at a posrt.cn lower than the level of the 
suXe of bTood in he state where the blood storing portion 10 reserves the specified minimum amount of blood L The 
bCd ou«et port of the oxygenator 5 communicates with the upper end or its proximity of the 
S2£ Z ox^enator 5 Preferably, the blood outlet port communicates with the uppermost end of the blood chamber 
S tSESS apparatus 1 having the blood deHvery mechanism^quipped blood reserve, an used 

a Thus, the use of the bubble remove, allows an amount of extracorporeal outflow blood to be small 

apparatus has an amount of extnaoorporea, outaow M ood ,0 be small 

pr^™:::^! su- »« ^^^^^^^ 

?«™ "f^T iel wlS of a blood delivery meohanism-equipped blood reservoir aoonrding to an ambod- 
Sim of ml p^m^nST^ 1 2 is a left aide view of the blood delivery mecnanisnwquipped blood reservorr 
7 n J!L t Fta 1 ra a riaht side view of the blood deliver, meohanlsnveauipped blood reservoir shown m F.g. 
TZ 1 te r P lan J^oH e lood deliver, mechanisrMduipped blood resenroir shown in Fig. 11 Fig. 15 , a an 

~F^=h^^ 
reSrTd in the deli,*, blood reserving portion at a non-delivery time). Fig. 19 rs a front view of a first oa (used in 
ZtTeZ, ZS: serving aa a communion mode seleotktn function. Fig. 20 is a bottom yew of the fire, oag (deed 

249b of the blood delivery mechanism 203 and the outside air. 
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r0177l The blood delivery mechanism-equipped blood reservoir 200 includes a blood reservoir portion 202, a blood 
de ivery mdSm 203; and a heat exchange function^quipped oxygenator 205 installed on the blood reservo.r 
J22aS bv hanainq the former from the bottom surface of the latter. A blood inlet port 268 of the heat exchange 
C^ZZXZen^OS is connected with a blood discharge opening 207 of the blood reservoir 200. The 
blood storinq portion 210 is a blood storing space of the blood reservoir portion 202. 

mm I As snown in Figs. 11 through 15, the blood reservoir portion 202 has a housing formed of a hous.ng body 
223a nd a fSy 23b both made of hard resin. The lid body 223b covering an opening formed at an upper portion 
oUhe housing body 223a is fitted into an upper end of the housing body 223a. As shown ,n Figs. 11 through 15, the 
body ^3b has b o 0d inlet ports 22 1 , 222, a rapid priming port 227, and a cap portion installing portion 228 on whic 
a first cap member (used in non-sucking time) 254 and a second cap member (used in sucking time) 256 can be 
fnSedarbTtrarily.Thefirst cap member 254 and the second cap member constitute the communication mode selection 
Son wSSbe described later. The blood inlet port 222 is connected with the cardiotomy hne feeding blood fed 
from an ope ration field. The blood inlet port 221 is connected with a blood drainage line feeding blood delivered from 
a blood drainaqe cannula inserted into a patient's heart ascending/descending veins. 

[0? 79] The housing body 223a of the blood reservoir portion 202 and the lid body 223b may be formed of any desired 
e in for example, polycarbonate, acrylic resin, polyethylene terephthalate, polyethylene polypropylene, polystyrene, 
pol^'inyl chbride, acryl-styrene copolymers, and acryl-butadiene-styrene copolymers. Polycarbonate, acrylic res.n, 
Dolvstvrene and polyvinyl chloride are especially preferred. 

£ n toe housing body 223a, there are provided a blood filter (venous blood filter) 206 serving , as an ' anWoammg 
member and a foam-removing member for filtering blood introduced into the housing body 223a from the blood met 
P0T221 and a cardiotomy blood filter 209 for filtering blood introduced into the housing body 223a from the blood inlet 
oort 222 The lower end of the blood inlet port 221 extends into the blood storing port.on 10 and is positioned inside 
mTblood fitter 206. A blood introduced into the housing body 223a from the blood inlet port 221 flows ,ntc .the ^blood 
storinq portion 210 through the blood filter 206. Therefore, it is possible to prevent the blood introduced into the hous.ng 
boTS ^m the b,J inlet port 221 from directly dripping to the surface of the blood inside the blood storing port,on 
2^0 More raH* the blood filter 206 is fixed to an inner surface of the lid body 223b and extends toward alowe 
^SSbSi storing portion 210 such that the blood filter 206 encloses a projection portion of the biood .n.et 
DOrt 221 projecting into the blood storing portion 210. A t , k . Mnnrt r ,n ar 

raiBIl The housing body 223a has a projection portion 223c projecting downward. The lower end of the blood filter 
20 extend to a position in the vicinity of the projection portion 223c. In the state in which the specked minimum 
fese^g blood amount is reserved in the blood storing portion 21 0, the lower end of the blood filter 206 , positioned 
be ow hetove of the blood surface shown with X. That is, the lower end of the blood filter 206 is posrtionec I be low the 
loweTend of the delivery blood reserving portions 230a and 230b of the blood reserving members 203a and 203b. In 
he s ate ftelS^ied minimum reserving blood amount is reserved in the blood storing portion 2 0, the lower 

end of The Wood filter 206 is positioned below the surface of blood. Therefore, in the state where the storage blood 
amount in the Wood storing portion 210 is reduced to a value below a predetermined value and the blood reserving 
members 203^ Tend 203b are placed in the state where they display the function of reserving blood ,n an amount 
ZSS^t^lSurt of blood stored in the blood storing portion 210, the blood introduced into the blood storing 
oortio So does not bubble. This is because the lower end of the blood filter 206 is located below the surface of the 
Wood in the blood storing portion 21 0. When the amount of blood stored in the blood storing portion 21 0 increases and 
Sum to aTalue above the predetermined value, the blood which flows into the blood storing portion 210 hardly 
^ J^t^m enS of the blood filter 206 is positioned below the surface of the blood in the blood storing 

5m821 21 The blood filter 206 has a filter member 206a and an anti-foaming member 206a installed on the entire pe- 
ioherl of the mner s rface of an upper portion of the filter member 206a. Similarly, a cardiotomy blood filter 209 has 
Ttm^WtZ an anti-foammg member 209a installed on the entire periphery of the inner surface of an 

"S^ulZZZZ^ 209bora bubble-removing member, various porous materials 

may suitaW bT sed c ding, but not limited to, foamed materials such as polyurethane foam, polyethylene foam 
SpropySe foam, polystyrene foam and the like, mesh, woven fabrics, non-woven fabr.es, porous ceramics s nterad 
Sis of resin and the like. Materials having relatively small air passage resistance (pressure loss are part«My 
□referred Vf a material having less air passage resistance, for example, a foamed matenal such as polyu ethane foam 
Tthe le or otoer porous material, is used, the pore size is preferably approximately within the range of 20 ,m to 10 
mm and more favorably, approximately within the range of 50 urn to 5 mm. f ., rtMtnnnt 
ZmT Ms Preferable hat the anti-foaming members 206b, 209b carry an anti-foaming agent having a funchon o 
breaL bubbles when bubbles contact them. As an anti-foaming agent, silicone (silica-compounded type, 0 type or 
toe like?is preferable Examples of the method for allowing the anti-foaming members 206b, 209b to carry the anti- 
oam n iSSude a method wherein the anti-foaming members 206b, 209b are dipped in a liquid containing the 
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anti-loaming age* and a method wherein a liquid contain the ana-foaming agent is applied or sprayed to the a* 

SfJ tbS^ reserving blood is formed in the blood reservoir portion 202 as 

[0186] The d ooo sior ng P n 21Q fe nQt specified . Bu t normally, the 

8 7of t blocS S tan 210 ifabo ?3 000 10 5 ,000 ml ft* adults and about 1 ,000 to 2.500 ml for children. 

?oS As shown in Fig. 15, the blood delivery mechanism 203 is installed below the blood reservoir portion 20Z 

flow passage torming po 205 The blood flow passage-forming portion 235 has a connection portion 281 con- 
2fh SlS3^S5on»2. As showS in Figs. 15 through 18, the blood flow passage-forming portion 
SK^^^** flow passage portions 235a, 235b communicating with the blood stonng pomon 
210 Lnd the delivery blood reserving portions 203a, 203b; and a blood discharge opening 207. 
?0188 The fi t btood flow passage portion 235a formed inside the blood flow passage-forming portion 235 commu- 
[0188] i ne ursi uiuuu nuw ^ » K ^j,^ 0 rv*=. Thp *pmnd blood flow Dassaqe portion 235b formed 

dfcoharge opening 207 fo, «~**> ^^^^^Z^t^^^ 

P°*n 2033, 203b) end 

SSKISiCrSS: ?J=%S .alves 2343. 23* funotidn as r~£"?££ 
Stgre»eTe blood How front the downstr333t aide toward the deliver Wood reserving n»mbere 2033 203b (that 
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reserving body portions 241 a, 241 b both formed of a hard material; and blood delivering drive unit body portions 245a, 
245b provided with the blood delivering fluid flow ports 244a, 244b, respectively. The delivery blood reserving portions 
203a 203b are constructed of the blood reserving body portions 241a, 241b, respectively and the flexible d.aphragms 
242a' 242b the peripheries of which are held by the delivery blood reserving body portions 241a, 241b, respective^ 
The blood delivering drive units 204a, 204b are constructed of the flexible diaphragm pressurizing portions 243a, 243b 
and the blood delivering drive unit body portions 245a, 245b, respectively. 

r 0 192] More specifically, the delivery blood reserving portions 203a, 203b include the blood reserving body portions 
241a 241b formed of a hard material; the flexible diaphragms 242a, 242b whose peripheries are held by the blood 
reserving body portions 241a, 241b; and an interior 230a (see Figs. 16 and 18) of the delivery blood reserving portion 
203a formed between the blood reserving body portion 241a and the flexible diaphragm 242a and an interior 230b of 
the delivery blood reserving portion 203b formed between the blood reserving member body portion 241b and the 
flexible diaphragm 242b. The flexible diaphragms 242a, 242b are formed of a flexible material constituting a part of 
the delivery blood reserving portions 203a, 203b, respectively. The blood delivery mechanism-equipped blood reservoir 
200 has the blood delivering drive units 204a, 204b which are operated in forcing out blood from the delivery Wood 
reserving portions 203a, 203b by deforming the flexible diaphragm 242a, 242b and delivering the blood. The blood 
delivering drive units 204a, 204b will be described later. 

r0193l Each of the blood reserving body portions 241a, 241b is provided with an inwardly concavity surface portion 
having the shape of a bowl. A peripheral end portion of each of the flexible diaphragms 242a, 242b is retained to a 
peripheral end portion of the concavity surface portion of the blood reserving body portions 241a, 241b in such a 
manner that the peripheral end portion of the flexible diaphragms 242a, 242b is inclined toward a central portion of the 
concavity surface portion. The entire inner surface of each of the blood reserving body portions 241a, 241b, including 
the peripheral end portion, is receded in the form of a bowl. This receded or concave surface of each of the blood 
reserving body portions 241a, 241b closely contacts the flexible diaphragms 242a, 242b at the time blood delivery. 
Thus the interiors 230a, 230b of the delivery blood reserving portions 203a, 203b formed between the inner surface 
of the flexible diaphragms 242a, 242b and the concave surface of the blood reserving body portions 241a, 241b are 
spaces that are variable in capacity. . 
[01941 The peripheral end portion of the flexible diaphragm 242a. 242b is clamped between the peripheral end portion 
of the blood reserving body portions 241 a, 241 b (portion slightly inward from the peripheral end) and the outer penpheral 
portion of the diaphragm retaining annular members 253a, 253b. 

[01951 The maximum amount of blood that can be reserved by the delivery blood reserving portions 203a, 203b ( he 
maximum amount that can be contained therein, that is, the capacity thereof) varies <ta ^ n ^^^^!! 
blood reservoirportion202used. However, the capacity of the delivery blood reserving portions 203a 203b .s preferably 
about 20-500 ml and, particularly, about 50-500 ml. More favorably, the capacity thereof is about 50-300 ml and, par- 
ticularly, about 80-300 ml. ... 
[01961 The flexible diaphragms 242a, 242b have a shape corresponding to the shape of the inner surfaces of the 
concavity surface portions of the blood reserving body portions 241a, 241b. It is preferred that the pressure needed 
to deform the diaphragms 242a, 242b be equal to or less than 100 mmH 2 0, whereby the flexible diaphragms 242a, 
242b become more sensitive in responding to changes in the amount of blood stored in the blood storing portion 210, 
so that reservation of amounts of blood proportional to the amount of blood stored in the blood storing portion 210 is 
more reliably ensured. The pressure needed to deform the flexible diaphragms 242a, 242b is more favorably equal to 

[01971 th The 5 dia"phragms 242a, 242b may be suitably formed from, for example, polyurethane, silicone, polyvinyl chlo- 
ride, and the like. Particularly preferred materials are polyurethane and silicone, which are presently widely used for 

wm^ltT^^it^ilne diaphragms 242a, 242b be sufficiently soft. As an index of softness, compliance may 
be employed. The diaphragms 242a, 242b of the delivery blood reserving portions 203a, 203b have a compliance of, 
preferably, 2 ml/secmmHg or higher and, more favorably, within the range of 5-30 ml/sec-mrnHg when the blood 
surface in the blood storing portion 210 of the blood reservoir 200 is lower than the uppermost portion (Y of Fig 16) 
of the inner space of each of the delivery blood reserving portions 203a, 203b, that is. when the pressure sensitiyrty 
(liquid surface sensitivity) of the delivery blood reserving portions 203a, 203b is effective. It is further preferred that the 
diaphragms 242a, 242b of the delivery blood reserving portions 203a. 203b have a compliance that is lower than the 
aforementioned value, when the blood surface in the blood storing portion 21 0 of the blood reservoir 200 .s Tjigher than 
the uppermost portion (Y of Fig. 1 6) of the inner space of each of the delivery blood reserving portions 203a, 203b. 
The resistance against blood inlet into the delivery blood reserving portions 203a, 203b can be expressed by rate of 
blood inlet to the delivery blood reserving portions 203a, 203b. The rate of blood inlet to the delivery blood reserving 
portions 203a, 203b is preferably 20-600 ml/sec. 

[01991 It is preferred to provide the flexible diaphragms 242a, 242b with a reinforcement (not shown) which covers 
the outside of the diaphragm and whose peripheral end portion is fixed to the blood reserving body portions 241a, 
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to deform the diaphragm is equal to or less than 100 deformation. It is preferred that 

err* and the diaphragm itself P roduce * sub ^ be not adhered to each other 

the diaphragm and the reinforcement of the ^J^T^^^ provided in the form of a woven 
at all or except at the peripheral end porbons ™ w J length, the form of a woven or 

fabric, a non-woven fabric, a knitted fabnc polyethylene terephthalate, nylon 6. 

knitted fabric is preferred. As for exa with ar a Jd fiber or the like), stainless 
2S rZ'^^^XTL polyethylene terephthalate, nylon , nylon 

passages 235a, 235b positioned at a lower porton (,o ^^^Z ^eeMUe blood storing portion 
203b are positioned above the first check v£ , ves 233a portions 203 a, 203b extend sub- 

210 and the blood flow passage pomons 235a, 235b. The , delivery ^oio a k upp ermost end of the interiors 

stantially horizontally. If the blood surface .n the blood stonn , port.on ^ be, °* p P proportiona | to the 
230a, 230b (inner space) of the delivery ^^^^^^^J^?^ 203a Vsb. If the blood 
blood surface in the blood stonng port.on 210 flow into the dehve^ b looc I rese g p 

surface in the blood storing portion 21 >***™**"> ^^^Vt£i*»y blood reserving portions 
blood reserving portion 203a, 203b at the t,me when "»*^J^ ™ ™ - n Fig . i 6) flows into the delivery 

of blood stored in the blood storing portion 2 0. thu sfom,.ng ,^ rt ^ ^e^h^ 
(liquid surface) in the blood storing port.on 21 0 is equal ^^^t^f^r space of the delivery blood 
the blood surface in the blood reservoir portion ***™*» ^amount o blood reserved in the delivery blood 
reserving portions 203a, 203b, and the blood surfaw "^^^f^"^ by the pressure corresponding to 
reserving portions 203a, 203b is determmed by th '^T^t^S^ blood reserving portions 203a, 203b 
the amount of blood stored in the blood stonng port on 210_ That ^•JJJJod reservoir portion 2a is equal to or 
reserve the maximum amount of blood. If the amount of b oo I stored in the blood re p ^ 
less than the predetermined amount (in th.s embodiment, the *^^?^M3b and the blood surface is 
the uppermost end of the inner space of the dehvery ^^^Za^^™ effective so that the 
above Y), the pressure ^^£Z^J££S KSStSJ the amount of blood stored in 

^o^ 

equal to or less than the predetermined value. spontaneously draw in blood, that is, do not sub- 

[0202] The delivery blood reserving P ort on * 20 f portions 203a, 203b were formed so 
stantially have self-shape-restoring .characters a II ^*^ , ^25^^ddh«y blood reserving portions 
that the members have a preset shape and self -^^T^^^^ forforci ng blood out of the delivery 
203a, 203b would restore their preset shape when the self-restoring force of the 

blood reserving portions 203a, 203b is removed atter blood '^^^^^ would be draw n back into 
delivery blood reserving portions «^^^J^^^^ 202. In short, the delivery 

Id'^ 
^ac^ 

sssnsr^^^ — of the diaphragm 242a ' 

242b) when the flexible diaphragms 242a. 242b are dosed or ^pressed. ( 
, 10204) The minimum sedOonal area of .he blood (too. passag porter 235a, ZKta. oquol 9 
UwOhsuohasa^eao^ 

S ™~ - blood ***** .0 .he amoun, o, t*d in «ood s,onng 
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nrrto. 210 (that is the Wood surface la the blood reservoir portion 202) when the amount of blood stored is equal to 
portion 210 (that is. rne oiooo su „ essure loss of Ihe blood flow passage portions 235a. 235b 

or less than a prede 

(the pressure loss of a blood passage) M ast stasias ipo k a fe ^ a 

"Shton press"!' SJS^ rolTcntoved. The rehium seoflona, area o, ft. btood 
S3S?flSISr3?- -ore favorebly 1 W or 9 rea,er. whereby a favorable pressure aer.si.ivAv 0, 

iSnS ^XSX" «1a^41b ma, auflably be tornted from. ,0, example polyoarbona,. 
52 re* pXrene t^ate. = ^ 

^^^Z^ delivering drive units 204a, 204b and the deiivery blood reservmg port,ons 203a, 203b form a 
blood delivery mechanism • reserving portion-pressurizing 

I , nhronmc 949a 942b Since the delivery blood reserving portion-pressurizing portions 243a, 243b ot tne diooo 
T\^^^uS^^2^mexpendaVle or stretchable sheet members for expansion and contraction achieved 
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390a. 390b formed on the Wood reservoir portion housing body 223a and oonnaoted »tn tha 

249b Uad baleen I « Olivary Wood reserving portlona 203a, 203b (diaphragms 242a, 242b) and iha blood m- 
249b termed and ' ™ , between the delivery Wood reserving portlona 

248a 248b respectively. More specifically, the openings 248a, 248b are formed at a portton at which the blood de Jv- 
^^uSS^on. 245a, 245b and the blood reserving member body portions 241a , 241b are connected 
wi th ear 0 Z The ports 259a, 259b are airtightly fixed to the openings 248a. 248b, respectively. An opening ,s formed 
iCS ling annular members 253a, 253b at a position thereof corresponding to the open.ngs 248a, 



nrcisi The blood delivery mechanism-equipped blood reservoir 200 has the communication mode selection function 
£ king ■I^Xo Zle communication between the upper portion of the interior of the blood storing portion 
21 and thTsZs 249a, 249b formed between the delivery blood reserving portions 203a, 203b formed inside he 
blooc I deliver^ mechanism 203 and the blood delivering drive units 204a, 204b or the commumcation between the 
sDaces 249a 249b of the blood delivery mechanism 203 and the outside air. „ oa „, rtir , nn 

0217] The communication mode selection function of the blood delivery ™ chan ^™ e ^ 
[fconstructed of the first cap 254 (used in non-sucking time); the second cap (used in sucking time) 256, and a cap 

S5? ^TsZToZZT^™^ in non-sucking time) serving as a communication mode selection 
S I F 9 g 20 is a bottom view of the first cap (used in non-sucking time) shown in Fig. 1 9. Fig. 21 . ; an , enlarged 
sect tonal view of the neighborhood of a communication passage of a blood delivery mechan.sm^qu.pped blood res- 
eSr n the Ite where the first cap (used in non-sucking time) is installed. Fig. 22 is a front view of a second cap 
uTe sucking time) serving as a communication mode selection function. *"£fi™**£Z£Z 
„=oh in ^.rkino time, shown in Fig. 22. Fig. 24 is a sectional view taken along a line D-D of Fig. 23. Fig. £> is an 
e g d ^^^^ IAk^ of a communication passage of a b.ood delivery -chanism-equipped 
bloXse^ state where the second cap (used in sucking time) is installed. Fig. 26 is an enlarged sectional 
woHhS 

state where a first cap (used in non-sucking time) according to another embodiment .s instated. 

Z shown in Figs 15 and 21 , in the housing body 223a of the blood reservoir portion, a region posit.oned 

228 The communication passage forming ports 390a, 390b have tubular body connection ports 392a 392b and 
fnsLIna poTs 391a 3 91b located inside the housing body 223a and used to install thereon lower ends 255* 255b 

ofSaC^ 

ra2 3 2 b 01 The mode of connecting the housing body 223a and the tubular bodies 252a, 252b with each other is not 
imi e Jhe above-tcld mo'de, but the construction shown in Fig. 26 may be adopted, .n the ™**»^ 
nRa 26 a reaion of the housing body 223a, located below the cap portion installing portion 228 of the , Ud body 223b 
^"iX^I^ to the lid body 223b. similarly to the above^escribed construction. The commun, 
aL P ssa e fo'Zg ports 392a, 392b connecting the tubular bodies 252a, 252b with ^^^^ 
S are foLd below the cap portion installing portion 228 of the proximate region. 

the communication passage forming ports 392a, 392b guide the front end ^^J^^^£^ 
cap portion installing portion 228 of the lid body 223b. The front end of the tubular bodies 252a. 252b can be installed 
on i rt «/*.rpnds255a 255b of the tubular portions 254a. 254b of the first cap 254. 

^ TZ ^ l^ in non-sucking time) has the tubular portions 254a. 254b whose one enc can , be 
connected with one end of the communication passages 218a, 21 8b and whose other end .s open and located ou side 
h btood sto ng Portion 210 when the first cap member 254 is installed. The second cap 25 (used jn suckmg ^ time) 
has an VnsSn portion 256a which is installed on the cap portion installing portion 228 substantially airtightty and 
a tubu.r P oSn 256b which extends outward and an end of which constitutes a sucking means connection portion. 
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ro2221 More specifically as shown in Figs. 19. 20, and 21 , the first cap 254 (used in non-sucking time) has a body 
[02221 More sP^ m ^ as * f . a and the tubular portions 25 4a, 254b whose one end extends into the .ntenor 

?k° ■' th^inZna SSS^^"S*0 body 223a and whose other end is curved and extends outward in 
(below the instaflmg portion 254c) ot tne nous g y n ^ communicatjon 

rZtXSSl d - the ~ ood thereof in the state where 

Z timers installed. The lower ends (one end) 255a, 255b of the tubular portions 
^£™fS££ can be connected with the installing ports 391a, 391b substantially art.ghtly. The .upper 
fothe'r end) 255c 255d of the tubular portions 254a, 254b are also open. In the embodiment, the body portion 254c of 

he fi^ ctp 2M covere the cap portion installing portion 228, with the body portion 254c not in contact therewith. 

0223? ™e bMteS the blood storing portion 210 communicates with the outside air through the space between 
e first cap 25^ and the cap portion JLg portion 228. As shown in Fig. 20, in the embodiment, a plurality of nbs 
2M d^Trmeo on the bottom surface of the body portion 254c of the first cap 254. Thus ever . hough the ribs 254d 
contact^ of the cap portion installing portion 228, except the region of the nbs 254d, th* 'ntenor of the 

^JS^t^i communicates with the outside air through the space between the first cap 254 and the cap 

TSeth^the first cap 254(used in non-sucking time) is installed on the blood delivery mechanism- 
SU~oir 200, the (space b = 

210 "rS^^Tnmen^ of gas from the spaces 249a, 249b caused by the operation of the diaphragms 
242a M^* oZ blood reserving member pressurizing portions 243a. 243b. When the blood reserving men> 
b^LuHzing portions 243a p 

pTrtton 2K would suck the outside air in correspondence to an amount of the gas which flows into th< . spaces 249a 
£9 Therefore the blood storing portion 210 would suck bacteria floating in the air present in the neighborhood of 
to! settle blood delivery mechanism-equipped blood reservoir of the present invention the spaces 249* 249b 
do nTtcommunicate directly wl the interior of the blood storing portion 210. Therefor > the blood stonng port,on 210 
does not suck the outside air despite the movement of the gas in the spaces 249a, 249b 

rOMSI Because the tubular portions 254a, 254b of the first cap 254 are bent, the open front ends (other end 255c, 
255d^ 

S tSSS ne^sShe first cap (used in non-sucking time) 254 is removed, and the second 
1 f 1 J i fSXn imeS shown in Figs. 22 through 25 is installed on the cap portion installing portion 228. Fig. 
%*TJ£Z£^^^ eighborhood of the communication passage of the blood delivery 
^ S^Th the state where the second cap (used in sucking time) is ^^^SS, 
Tnn has the installing portion 256a to be installed on the cap portion installing portion 228 substantially 

alr^J^^^SSL portion 256b which is curved and extends outward from the center of the 
airt ghtly and he sucKing m h ^ ^ ^ groove 256c accomrnodating 

TtXT^ Xn insS portion 228. A suckfng' means no. shown is connected with the sucking means 

^2^0%^ Po-n 210 are sucked. Consequence 

^essurfcondifion (pressure-reduced condition) inside the spaces 249a, 249b becomes the same as that .n the blood 
oTg portion 210. When the interior of the blood delivery mechanism^uipped blood -servoir port.n ,s sucked and 
storing poruo . between the delivery blood reserving portions 203a, 203b (the 

Z^^X^OoL^. «« blood a*«y mod***, 203 is no, 

S ' Itt oreLble to form the first and second caps of a soft material or a flexible material to allow the first cap 
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based polyurethane, polyether-based polyurethane) soft polyvinyl chloride, polyester synthetic rubbers such as u e- 
thane rubber, silicone rubber, butadiene rubber and the like, and elastomers such as olefin-based elastomer pa ^eth- 
ylene elastomer, polypropylene elastomer), amide-based elastomer (polyamide elastomer), styrene-based elastomer 
Tor example, styrene-butadiene-styrene copolymers, styrene-isoprene-styrene copolymers, styrene-ethylenebuty- 

mode se,ection function of an embodiment shown in Figs - 27 throu9h 29 wi " be described 

foMOl In the embodiment, the blood delivery mechanism-equipped blood reservoir has communication mode selec- 
tion openings 303a, 303b formed on the lid body 223b. As the communication mode selection function the blood 
delivery mechanism-equipped blood reservoir has two communication mode selection members 301 a 301 & The com- 
munication mode selection members 301 a, 301 b may be formed integrally with each other. As shown '"^f - 27 through 
29 a reoion of the housing body 223a located below the communication mode selection openings 303a, 303b of the 
lid 'body 223b is formed as a proximate region to the lid body 223b. Similarly to the embodiment shown in Fig. 25, 
communication passage forming ports 390a, 390b are formed in the portion located below the communication mode 
selection openings 303a, 303b. The communication passage forming ports 390a, 390b have tubular body connection 
ports 392a, 392b extending outwardly downwardly of the housing 223a to connect the tubular bodies 252a, 252b 
thereto; and installing ports 391a, 391b located inside the housing body 223a and extending to the communica^on 
mode selection openings 303a, 303b to install thereon the communication mode selection members 301a, 301b. The 
mode of connecting the housing body 223a and the tubular bodies 252a, 252b with each other is not l.mrted to the 
above-described mode, but the construction shown in Fig. 26 may be adopted 

[0231] The communication mode selection members 301 a, 301 b have one ends (lower ends) 304a, 304b which can 
be connected with the installing ports 391a, 391b substantially airtightly. The one ends i (port ..nsta '"'"g P^-ons) 304a, 
304b are large-diameter portions. The communication mode selection members 301 a, 301 b have tubular bod.es 306a, 
306b located outside the blood storing portion 210 when they are installed on the installing ports 391a 391 b and having 
the other end constituting sucking means connection portions 305a, 305b; and fittable portions 307a. 307b , provided 
on the tubular bodies 306a, 306b and airtightly fittable in the communication mode selection openings 303a, 303b 
The fittable portions 307a, 307b are large-diameter portions. The communication mode selection members 301 a , 301 b 
has through-passages 308a, 308b extending from the one ends (port installing portions) 304a. 304b ^thereof to the 
other ends (sucking means connection portions) 305a, 305b. The communication mode selection member 301a 301 b 
have a plurality of side holes 309a, 309b located at the side (port installing portion) of one end (port installing portions) 
304a 304b with respect to the fittable portions 307a, 307b and communicating the tubular portion (passages 308a. 
308b) and the outside with each other. Disk-shaped portions 312a, 312b are formed above the fittable portions 307a, 
307b to prevent foreign matter from penetrating into the blood storing portion 210 through the o^""*""* 
selection openings 303a, 303b. A cylindrical rib is formed at an end of the disk-shaped portions 312a 312b to use the 
cylindrical rib as a gripping portion in operating the communication mode selection members 301 a 301 b. 
[0232] The communication mode selection members 301a, 301b can be moved from the state shown in Fig. 27 to 
the state shown in Fig. 28 and from the state shown in Fig. 28 to the state shown in Fig 27 with he "^ication 
mode selection members 301a, 301b in connection with the communication passages (port installing portions 304a, 

10233] As shown in Fig. 27, the interior of the blood storing portion 210 communicates directly with the outside air 
through the communication mode selection openings 303a, 303b in the state where the fittable portions 307a, 307b 
of the Communication mode selection members 301a, 301 bare not fitted in the communication mode S rf elect r ° pe ^ 9 h S 
303a 303b In this state, the sucking means is not connected with the sucking means connect™ portions 305a, 305b. 
Thus' the spaces 249a, 249b (the space between the diaphragm 242a, 242b and the delivery blood reserving portion- 
pressurizing portion 243a. 243b) of the blood delivery mechanism 203 wmmunicatedire^ 

the communication passages 218a. 218b, the sucking means connection portions(open ends) 305a, 305b, and the 
side holes 309a, 309b. Therefore, the interior of the blood storing portion 210 is not affected by the movement of gas 
from rspaces 249a, 249b caused by the operation of the diaphragms 242a. 242b and ^^^^"J 
member pressurizing portion 243a. 243b. In the communication mode selection members 301a. 301b j the tubular 
bodies 306a, 306b are bent toward the sucking means connection portions 305a, 305b, as shown in Fig. 29. Thus the 
sucking means connection portions 305a, 305b which are the open end are directed not upward but sideways, thus 
preventing foreign matter from penetrating into the tubular body. . . . . 

r0234] In sucking blood when necessary, as shown in Figs. 28 and 29, the communication mode selection members 
301a 301bare pressed downward to fit the fittable portions 307a, 307b thereof into the communication mode selection 
openings 303a. 303b airtightly. As a result, the side holes 309a, 309b are situated inside the blood stonng portion 210 
and a connector 310 (shown in Fig. 29) constituting a part of the sucking means is connected with the suck ng means 
connection portions 305a, 305b. In this state, the interior of the blood storing portion 210 commumcates wrth the pas- 
sages 308a 308b formed in the tubular bodies 306a, 306b of the communication mode selection members 301a, 301 b 
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thrnuah the side holes 309a 309b and is prevented from communicating with the outside. Through the communication 
throughthes.de holes 3° 9a _^° 249a P 249b (space between the diaphragm 242a, 242b and the blood reserving 
P ^T 0 2J^oSlJaS 243b of the blood delivery mechanism 203 and the blood storing portion 210 can 
ITuS the pressure condition (pressure-reduced condition) inside the spaces 

taSST- that in the blood storing portion 210. When the H^^™^ 1 ^ 
anism-eauipped blood reservoir portion is sucked and is placed in a negative-pressure state the spaces 249a, 249b 

between ^delivery diooo res a p neqative-pressure state at the same time. Thus, no pressure difference 

SSS^taZf 203 is not impeded in its fluid surface sensitivity (pressure sensitivity, pre-load sensitivrty) function. 
jZZ USES! r blood reserving portions 203a. 203b can display the liquid surface-sensitive performance, according 
\n the amount (level of fluid) of blood stored in the blood storing portion 210. . x a . 

[0235] It ^preferable to form the communication mode selection members 301a, 301 b of a soft <£^™*> 
material to aL it to have high airtight performance for the communication P-^^*"£ ^ ^ 
307a 307b to have high airtight performance for the communication mode selection openings 303a, 303b. 

m AbloodreservoirSOOoftheembodimenthascommun^^ 

on the communication passages 218a, 218b. The blood reservoir 300 has a sucking means connection port^v An air 
oort serves as the sucking means connection portion. The communication mode change-over members 320a, 320b 

331b and outside air communication ports 326a, 326b. By operating the operation por- 
t ons 33 a 331b ft is possible to change the state in which the spaces 249a. 249b of the blood dehvery mechanism 
S are !n communication with the outside air to the state in which the spaces 249a. 249b are ,n commun.cat.on with 
nniv thP uooer Dortion of the blood storing portion 210 and vice versa. 

° n ' y 3 3i e specifica y a tubular body constituting a part of the communication passage 218a is construe tod of two 
ubular bodies 321a (a the side of the blood storing portion 210), 322a (at the side of the space 249a of the blood 
t^rX^m 203*11* communication mode changeover member 320a is installed between the two tubular 
hodS a 322a Similarly a tubular body constituting a part of the communication passage 21 8b is constructed of 
E^^^SSi side of the blood storing portion 210), 322b (at the side of the space 249b of the blood 
teZ ™^ 2M). The communication mode changeover member 320b is installed between the two tubular 

S 3 The communication mode change-over member 320a includes a first port 324a connected with the tubular 
o "y 321a ^^oc?t™^e of the blood storing portion 210; a second port 325a connected with the tubular body 
322a LcateH the s de of the space 249a of the blood delivery mechanism 203; a body portion 330a having the 
™^LnZLon port (port open to outside air) 326a; and the changeover cock (operation portion) 331a 
^ZZZZZSed in?he body portion 330a. The change-over cock 331a serves as the operat.cn portion o the 
^l^ZZ ctLge^er member 320a. The body portion 330a has a circular arc rib 332a consisting , o 1/4 
ofThe ler Scumference of the open end thereof and projecting inward. The changeover cock 331a has a chang* 
oZZ. sToontocSng the rib 332a of the body portion 330a; and a T-shaped passage 327a formed 

SI?' Similarly, the communication mode changeover member 320b includes a first port 324b 
tubular body 321b located at the side of the blood storing portion 210; a second ^ 32 »^^^^2 
body 322b located at the side of the space 249b of the blood delivery mechanism 203; a body port on 3 30b havrng the 
outside air communication port (port open to outside air) 326b; and the changeover cock (operation port on) 331 b 
S^ZLd in !he body portion 330b. The body portion 330b has 

of the inner circumference of the open end thereof and projecting .nward. The changeover cock 331b has , a change 
0^^^. 334b contacting the rib 332b of the body portion 330b; and a T-shaped passage 327b formed 

mSn ' At a non-sucking time, the communication mode changeover members 320a, 320b are placed in the state 
show in Rg 31 In Sate, the tubular bodies 321a, 321b at the side of the blood storing portion 210 do not com- 
munTcate vl theiubular bodies 322a, 322b at the side of the spaces 249a. 294b of the blood dehvery mechan.sm 
^£££S!L 322a, 322b atthe side of the space 249 of the blood delivery ^™ ™ 
with only the outside air through the passages 327a. 327b and the outside a.r «^n«rton ports ^326a , 326b. In th.s 
steto Z ribs 334a, 334b of the changeover cocks 331a, 331b contact the rib 332b of the body portions 330a. 330b. 
Therefore the changeover cocks 331 a, 331 b are incapable of rotating upward. 

TO242 At a sucking time the sucking means (not shown) is connected with the sucking means connection portion 
n'tt^moodi^aiS 

229. Atthe sucking time, a sealing cap is installed on the rapid pnm.ng port 227. The changeover cocks 331a, 
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communication mode^^^^ 

333a, 333b contact the rib 332b of the body l^ ft ^^^ a JSJSi 322b at the side of the space 249 

32 1a, 321b a* the side of the ^^^^^^J^^Ln portion through the passages 

of the blood delivery mechanism 203 326b do not communicate with the tubular bodies 321a, 

«7a 327b- and the outside air communication ports 326a, 3ZbDaonoicommuin 

3Z ' 3, , I . Hiae ,~, a o 92b Accordingly through the communication passages 218a, 218b, tne spaces 

bel0W - . similar to that of the blood delivery mechanism-equipped blood reservoir 

I0 244] The basic ««^^" r emboo men has also communication mode changeover members 
300 shown in Fig. 30. The blood ^°'^^ m ™ ™ The D | 0od reservoir does not have a particular sucking 
350a,350bformedonthecommun.cat,on P assa^ 350b have operation portions 361 a, 

means connection portion. The communicator, r^^^Z^SmSBTm By operating the operation 
361b and outside air communication ^ su ^^ delivery mechanism 

portions 361 a, 361 b, it is poss.ble to change the state ^^^J^Mfla 249b and the upper portion of the 

— — - portions 

^riespec^ 

tubuiar bodies 321 a (at the side of the blood stonng between the two tubular 

body 351 a located at the side of the blood stonng 203 - a body portion 360a having the 
352a located at the side of the space 249a of the blood dehvery ^^^^^ (opera tion portion) 
outside air communication port/sucking portion conn«ftoflM ^Z^J^l STseZ at the operation portion 
361arotatably accommodated^ 

of the communicat.on mode change-over member 350a. me ^MP changeover cock 361a has a 

body 352b located at the side of the space *wd ot u.e u.u j chanaeK , ve r cock (operation portion 

outside air communication port/sucking portion °°™^^^^L! £?*3ffi consisting of 1/4 of the 
361b rotatably accommodated in the body portion ^^^^^^^Z has a changeover 
inner circumference of the open end thereof ^^^^ 357b formed therein, 

.ever; ribs 363b, 364b contacting the rib 362a of he body ^°^J^*™^^ are placed in the state 
[0248] At a non-sucking time, the """TZ^^ 210 do not corn- 

shown in Fig. 33. In this state, the tubular bodies , 321a 32 1***^™™^ de ,i ve ry mechanism 
municate with the tubular bodies 322a, 322b at the side of «-^^^^E£ y mechanism 203 
203; and the tubular bodies 322a 322b at the ^^^^^^^ air communication ports/ 
communicate with only the outs.de air through h «P a ^ 361b 

^k^sse ritsi'ss- - > — ° f 

E? Taking time, the sucking ™™^^^Z SS»?R5S 
and a sealing cap is installed on the ra P !d ^^^.^E^ard until the ribs 363a. 363b contact 
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member pressurizing portion 243a, 243b) of the blood delivery mechanism 203 and the blood storing portion 210 can 

m^ll^^^^a^u^ blood reservoirs of the above-described embodiments, it is pos- 
Se to adjust ^the amount of blood which flows out from the delivery blood reserving portions 203a 203b by adjusting 
Z emoun ^o pressure of a fluid to be introduced into the blood delivery drive unit 204a, 204b. The amount of blood 

SwI unHSle fixing the number of times of driving the blood delivering drive unit per predeterm.ned length of tone. 
r0251l ^ described above, the biood delivery mechanism-equipped blood reservoir 200 of this embod.ment .s 
ES Ped witn the Wo sets of the delivery blood reserving portions 203 and the blood delivering drive units 204 Fu*j 
i 2 S separate Wood flow passage portions 235 (235a, 235b) are provided without communicator, therebetween, 

Wood reding portions 203a, 203b and each of the blood delivering drive units 204a. 204b can be reduced, so that 
SS^S^^dW-oi response improves. Furthermore, if two or more sets of the deHvery blood reserving 
DOrtSns 203 and the blood delivering drive unit 204 are provided, good blood flow may be achieved by sh.ft.ng the 
5 ending I strokes of the blood delivering drive units 204a, 204b in timing from each other. If the expand.ng tim.ng of 

2 b^ delvenng drive units 204a, 204b is thus shifted, flow of blood from one delivery blood reservmg porta, i to 
he o he in this embodiment never occurs since the individual delivery blood reserv.ng portons are provided w th the 
separate blood flow passage portions 235a, 235b. The construction of the present .nvention is not l.mrted by th s em- 
bodinTentT number of sets of the delivery blood reserving portion and the blood delivering dnve unit may also be 

■o one or three o^ more. In addition, although the blood delivering drive units 204a, 204b in this embod.ment repeat 
expa ion an contraction through fluid operation, the blood delivering drive unit is not restricted by th.s driving , manner. 
Z naZe, the blood delivering drive unit may mechanically drive a pressurizing plate to pressunze the blood re- 

3 Tweets of the delivery blood reserving portion and the blood delivering drive unit are provided as in blood 
>5 Sry meThanL-equipped Wood reservoir 200, and furthermore, the individual blood de venng dnve unite car be 

seS conned by a fluid supply machine for blood delivery, it becomes possible to select the form of blood flow 
o Sell e specially, select a puise flow or a constant flow, considering the conditions of apatient the type 
of tne oxygenator used or the like. It becomes also possible to change the form of delivery blood flow white , . . use 
MM s3cW a substantially constant blood flow can be achieved by shifting the phases of the blood flow out of 

30 TlSaTtevery blood reserving portions 203a, 203b by substantially 180° from each other, hat £ by shifting 
me phase o fluid flowing into and out of the blood delivering drive units 204a, 204b by substantially 80° from each 
other A 0006 pulse flow can be achieved by setting the phases of blood flow out of the ind,v.dual deLvery blood 
S^CS^Si. 203b to substantia.* the same phase or within ±30°. that is. by setting the phases of flu.d 
Zrinto and out of the blood delivering drive units 204a. 204b to substantially the same phase or withm ±30 . If 

35 Iree o more sete oHhe delivery blood storing member and the blood delivering drive unit are provided the form of 
oTd flow" vS become a substantially constant flow by shifting the phases of blood flow out of the .ndivdual de.ivery 
blood reserving portions by an angle obtained by dividing 360° by the number of the sete provided. 
r02531 Next the heat exchange function-equipped oxygenator 205 will be described below. 
0254 The heat exchange function-provided oxygenator 205 includes a cylindrical heat exchanger portion 260. a 

4 o ^J^ fCtZe 262 composed of a large number of gas exchange hollow fibers and aoconrn^ g 
me cv indrical heat exchanger portion 260 therein; a housing 263 accommodating the cyl.ndncal hollow fiber bundle 
K^cSmL nea't exchanger portion 260 therein; partitioning walls 285, 286 for fixing eitter end o the 
cyLr ca hollow fiber bundle 262 to the housing 263 and to the cylindrical heat exchanger port.on 260, « . h eifrie 
end of S hollow fiber open; a blood chamber 267 formed of an inner surface of the housing 263. an outer ^surface of 

45 the ho. ow Star an outer surface of the cylindrical heat exchanger portion 260, and the partit.on.ng walls 285 286 and 
a bSnle t oort 268 and a Wood ouflet port 269 both formed on the housing 263 and communicating wrth he blood 
hambe 267 a gas inlet port 271 and a gas outlet port 272 both communicating with an intenor of the hoi ow fiber 
and a heating medium inlet port 273 and a heating medium outlet port 274 both communicating with an interior of the 

so StT^Z™ S°e n o 2 xygenator 205 of the embodiment shown in Fig. 15 includes a cylindrical housing 
bodv La a fi*t header 283 having the gas inlet port 71 , the heating medium inlet port 273, and the heating med.um 

in the vicinity of the upper end of the side surface of the cylindrical housing body 263a. 

0256] The cy ndrical hollow fiber bundle 262 is wound on the outer surface of a core 29 having a larg . number * 
55 openings 292 formed thereon. The cylindrical heat exchanger portion 260 is accommodated I inside he core 291. A 
Zrnm i portion 293 (a part of the blood chamber 267) communicating with the blood .nle t por 1 26 and 
the blood ou^port 269 is formed between an inner surface of the core 291 and an outer surface of the cyl.ndncal 
Ue^^er portion 260. The blood chamber 267 is formed between an outer surface of the hollow fiber and an 



- - ^ 



r 
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innpr surface of the cylindrical housing body 263a. Formed inside the cylindrical heat exchanger portion 260 is a heating 
Z^^S™cZ*er 276 communicating with the heating medium inlet port 273 and the heat,ng medium 

^sTlTe oxygenator 205. blood introduced into the oxygenator 205 from the blood inlet port 268 is heat-ex- 

flows i o S^^Tpart of the blood chamber 267) formed between the cylindrical hollow fiber bundle 262 
i and the c^TndS housing body 263a and then flows out from the blood outlet port 269. The annular space may not 

r?258] Vid p?eferably, the outer diameter of the cylindrical hollow fiber bundle 262 is 30-144 mm. Preferably, the filling 
factor of the cylindrical hollow fiber bundle 262 is 45-75%. 

02591 A porous fiber is used to make the gas exchange hollow fiber. Favorably, the inner diameter of he porous 
5 hollow fiber is favorably, 50 - 1000 pm, and more favorably. 54.0 - 84.0 pm. Favorably, the thickness of the porous 
hoiowLeisS 2 00 pm.andmoreLorably, 10 -100 pm. The outer diameter of the porous hollow fiber, sfa^ 
66 0 06 0 urn The porosity of the porous hollow fiber is favorably, 20 - 80%, and more favorably, 30 - 60%^ 
dfaLrof the pole of the porous hollow fiber is favorably, 0.01 - 5 pm. and more favorably 0.01 - 1 pm Hydrophobe 
polymtr are used to form the porous hollow fiber. Exemplary hydrophobic polymers include polypropy ene, polyeth- 
o ylene polysulfone, polyacrylonitrile, polytetrafluoroethylene, and cellulose acetate Preferred among others are poly 
En resins espedally polypropylene. Porous hollow fibers of polypropylene havmg micropores formed the eon by 
dralg method 0 r S oH 

SCS 3T 28^^286 are formed of an adhesive and elastic potting materia, made of such as 
>5 thine .^ne rubber, and the like. The cylindrical hollow fiber bundle 262. the cylindnca. heat exchanger 

nortion 260 and the housing 263 are not necessarily coaxial with one another. 

K The "y H drical hea?exchanger portion 260 of bellows type is preferable. A cylindnca. member of bellow type 
which is a component part of the outer surface of the cylindrical heat exchanger portion 260 is formed of metal such 
al st inli^^iumlnum or the like or a resinous material such as polyethylene, polycarbonate or the like These 
30 ^a^Ztlo 'rZ in the shape of bellows having fine pleats formed thereon. As the matenal of the cylindrical 
wZ^e ZXZ metal such as stainless steel or aluminum is more favorable in consideration of s reng h and 
heaTexchanqe effectiveness thereof. The cylindrical heat exchanger portion 260 of the embodiment is formed as a 

to TeaZ dSon t hereof. In consideration of the heat exchange effectiveness of the cylindr ical eat exchanger 
35 portion 260, the difference in height between a mountain of the bellows and a valley thereof ,s favorably 5.0-1 5.0mm 

<o oTJSSlr and an inner cylindrical member 275 accommodated inside the <^«?££ * ™ 
type A heating medium communication chamber 276 is formed between the inner cylindrical member 275 and Itho 
crndrical member of bellows type. The inner cylindrical member 275 is closed on a botto m surface thereof The . nner 
cv ind ical member 275 has at the side surface thereof two openings 295a, 295b; the heating med.um inlet port 273 
andth^ 

45 fnnerramber^ 277a. 277b. The heating medium inlet port 273 communicates with the first inner chamber 277a. The 
heat no medfum outlet port 274 communicates with the second inner chamber 277b. A heat exchange med.um .ntro- 
1Z Mc ^the cldrical heat exchanger portion 260 from the heating medium inlet port 273 flows into the first mne 
cbaCr 277a passes through the opening 295a, and flows through the space between the cylindrical member of 
Sot "type and the inner cyLncal member 275, flows into the second inner chamber 277b from the opening 295b, 

*5o anH flnw<; out from the heating medium outlet port 274. 

^r^ZZ^J m e mb er 275 is formed of synthetic resin or metal such as '^^'^^ 
he like It is oreferabL that the heat exchanger portion 60 is cylindrical; that the outer diameter thereof is 20 - 100 mm, 
and the ti^SSXSSm length) thereof is 15 - 765 mm. The cylindrical member of bellow type and the inner 
^^^^X cylindrical heat exchanger portion 260 may be Integra, with each other. In th,s case, 

55 preferably, the cylindrical heat exchanger portion 260 is formed of metal. DrafarahK , th* rvtin 

f 0 265] The housing body 263a may be cylindrical, polygonally cylindrical or elliptic ""^^^JS^S) 
drical housing body 263a is cylindrical. Preferably, the inner diameter of the cylmdncal housing body 263a is 30-150 
mm, and the length (effective length) thereof is 30 - 750 mm. 
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r0266] The cylindrical housing body 263a, the inner cylindrical member 275, a lid body, the first header 283, and the 
second headeV 282 can be formed of polyolefin (for example, polyethylene, polypropylene), ester resin for example, 

SS^WWhalate). st * rene resin < for example ' POlyStyrene ' MS r6Sin ' TV° y T°T»ZZ^c 
P 02671 It is preferable that the blood contact surface of the blood oxygenating apparatus is formed as an antithrombic 

surface In partteuter it is preferab.e that the delivery blood reserving portions 203a, 203b, the blood passages 235a, 

35^ the valves 233a, 233b, the second check valves 234a. 234b have a blood contact surface, respectively. 

0268 The anthrombic surface may be formed by applying and fixing an antithrombin to the surface. Exemplary 

antithrombins are heparin, urokinase, HEMA-St-HEMA copolymers, and poly-HEMA. 

SET! ^ablv, the antithrombic surface is formed by treating a substrate with ozone to form *"^g""£ 
bearing oxides on the substrate surface and applying heparin to the surface so that an ammo group of heparin forms 
a c^lrt bond win the functional group directly or through a coupling agent. This method permits hepann to be fixed 
onTe bloo?weS surface without the use of a solvent, minimizing a change of physical propert.es (e.g., flex,b,..ty, 
Pia<;tiritv and strenath) of the substrate presenting the blood wetting surface. 

^ZS™ treatment, oxides are formed on the substrate surface and high reactive functional groups 
<;urh as aldehvde ketone, and epoxy groups are generated in the oxides. 

0271] ImTno groups o heparin can directly bond with these functional groups. For the reason of stenc hindrance 
or other ^reducing a spacer or coupling agent into these functional groups prior to fixat.cn of hepann ,s easy and 
Z^^Jrt** that the surface allows heparin to develop its activity. The couphng agen s ; may used 
atone or in admixture of two or more. Compounds having at least two aldehyde or epoxy groups are prefer ed. 
EST Where two or more coupling agents are used, the preferred sequence is by first bonding a coupling agent 
spacer cZl ng agen t) in the form o?a compound having at least two amino groups with the funchona. groups prev- 
SntZced fn the substrate, to thereby introduce amino acid into the substrate, and thereafter bonding hepann 
SSJI the aid of a coupling agent (heparin-fixing coupling agent) in the form of a compound having at 
epoxy groups, in bonding heparin, the coupling agent is preferably adm.tted ,nto the react.cn 

SS *£% STmXX t ricetSng "a spacer coupiing agent, it dispiays substantially the 
[ Zfre!S^Z%ou^ heparin in the reaction system so that subsequent fixation of hepann to the 
substrate bv the heparin-fixing coupling agent may take place more effectively. 

mm Me* the functional I group of a coupling agent to directly bond with heparin or the functional group .ntroduced 
Ke s^eTs an aldehyde group, it is preferable to use heparin in which some N-su.fate groups are desulfunzed 

KTs^eThat the spacer coupling agent is one that forms a bond (covalent bond) with the funcfiona, 
arouo int oduced on the substrate by ozone treatment and has at least two primary amino groups. Examp es of the 
^t^aSJilg at leasuwo amino groups indude polyethylene imine (PEI), po.yethy.ene glyco, d.amme. 

Splary of the aldehyde compound are glutaraldehyde, glyoxal. and succindialdehyde. Exemplary of the epoxy 
compoS are polyethylene glycol diglycidyl ether, 1 ,4-butanedio, diglycidyl ether, sorbitol dig.yc.dyl ether, and glycerol 

;?27^ 

Live dvl ether- Denacol EX-313 where the diepoxy compound is glycerol diglycidyl ether; Denacol EX-810, 811, 85 , 
82 830 832 841 a^d 861 where the diepoxy compound is polyethylene glycol diglycidyl ether, all commercially 
available from' Nagase Chemicals K.K. Denacol EX-313. 421, 512, 521, 810, 811. 821, and 851 are preferred when 
TdZe™ of epoxy reactivity is considered. In the above-mentioned heparin fixation, coupling^ of hepann ,s 
ImtSS^tSSd betwee'n polyethylene imine fixed to the substrate and glutaraldehyde and the bond between 

Portion- and the blood delivery mechanism including the delivery blood reserving portion communicating ^ the Wood 
storing portion and reserving blood in an amount proportional to an amount of blood stored .n the blood stor ng portion 
«e alunt of the blood stored in the blood storing portion becomes equal to or less than a predetermined value 
I^^or^ out blood stored in the delivery blood reserving portion when the delivery blood reserving portion 
fs pressed from STe ouSde and the blood delivery drive unit operating when the blood in the delivery blood reserving 
poZTs del e The blood delivery mechanism^quipped blood reservoir can be connected with a sucking means 
?orsuckmq an interior of the blood storing portion. The blood delivery mechanism-equipped blood reservoir further 
ZX£*££Lto passage communicating an upper portion of the interior of the blood stonng port,on w h 
mTsoac f ormed between the delivery blood reserving portion formed inside the blood delivery mechanism and the 
JScSSS^ the communication mode selection function making it possible to select communication 
between 2 spacl of the blood delivery mechanism and the upper portion of the interior of the blood stonng portion 
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or communication between the space of the blood ^^^^Z amount of blood stored in the 
[0279] According to the blood delivery mechan.sm-equipped blood is delivered 

blood delivery mechanism-equipped blood reservoir b f~™^ b ,ood becomes 

in proportion to a residual amount of blood stored ,n the ^^^^^J^ amount 0 f the blood 
srnaller.the amount of b = 

becomes zero. That is, the '^^^^^ downstream from the blood reservoir. Further, even though 
in the region, of an extracorporeal blood ^d thereon has a negative-pressure state, the portion 

the interior of the blood reservoir having a ™^ d J£"?J * This is because the portion accommo- 
accommodating the blood storing member has Thus, no pressure 

dating theblood storing member 

r™u 6 cS^ 
storing portion does not suck outside air. 



Claims 

1 A blood oxygenating apparatus having a blood delivery mechanism-equipped blood reservoir comprising: 

chamber provided inside said oxygenator 
2 . A otood oxygenadng appara.ua Pa,*, a btad 

blood reserving member. 

amount of blood is reserved inside said blood storing portion. 

A blood oxygenaang appa^a „a,o, a Wood «M, a,ec = — ^S^SSS 



5 

6. 
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side surface of said cylindrical housing. 

7 A blood oxygenating apparatus having a blood delivery mechanism-equipped blood reservoir according to any 
oneTclaTms 1 through 6 wherein said blood delivery mechanisr^quipped blood reserve, has a blood reserv,ng 
member-pressurizing portion operating in delivering blood reserved in said blood reserving member. 

8 A blood oxygenating apparatus having a blood delivery mechanism^quipped blood reservoir according to claim 
rXSormoresetsof said blood reserving member and said blood reserving member-pressunzmg port,on 
are provided. 

9 A blood oxygenating apparatus having a blood delivery mechanism-equipped blood reservoir according to any 
one of claims 1 through 8, wherein said oxygenator has a cylindrical housing disposed substant.a«y honzon tally 
and a blood chamber formed inside said cylindrical housing; and said blood outlet port is so formed as to extend 
upward from substantially an upper end of a side surface of said cylindrical housing. 

10 A blood oxygenating apparatus having a blood delivery mechanism-equipped blood reservoir according to any 
one of claims 1 through 9, wherein said oxygenator has a heat exchange function. 

11 A bubble remover for a blood oxygenating circuit which is used by locating it downstream from an oxygenator of 
saTwood oxygenating circuit comprising a blood delivery mechanism-equipped blood reserve* havng a blood 
storing ^oZ and a blood reserving member having a delivery blood reserving portion commun.oa .ng wrth said 
b ood storing portion and reserving blood in an amount proportional to an amount of blood stored .n said Wood 
sSng portion when the amount of said blood stored in blood storing portion becomes equal to or less than a 
pLete mined value and capable of flowing out blood stored in said delivery blood reserving portion when said 
delivery blood reserving portion is pressed from outside; and said oxygenator connected with a blood outlet port 
of said blood delivery mechanism-equipped blood reservoir, 

wherein said bubble remover has the following relationship between an internal capacity (ml) and a maximum use 
flow (L/min): 

Internal capacity (ml)/Maximum use flow (L/min) S 15. 

12 A bubble remover for a blood oxygenating circuit according to claim 11 , wherein said bubble remover has a blood 
fnleJ port and a blood outlet port and a each diameter of an opening of the blood inlet port and the blood outlet 
port is 8 mm or more. 

13. A bubble remover for a blood oxygenating circuit according to claim 11 or 1 2 wherein an internal capacity rof said 
bubble remover is 30 - 120 ml; and said bubble remover has a housing having a blood inle port so formed as to 
project in a direction substantially tangent to an inner peripheral surface of said housing to allow blood introduced 
into said bubble remover to form a spiral current 

14. A blood oxygenating circuit apparatus comprising: 

a blood delivery mechanism-equipped blood reservoir having a blood storing portion and a blood reserving 
member haling a delivery blood reserving portion communicating with said blood storing portion and reserving 
WooT n an amount proportional to an amount of blood stored in said blood storing portion when the amount 
o said blood stored in Wood storing portion becomes equal to or less than a predeterm.ned value and capable 
of flowing out Mod stored in said delivery blood reserving portion when said delivery Wood reservmg port,on 

2!Z^<2^ with a biood outlet p° rt of said b,ood delivery mechanism - equipped b,ood reservoir ' 

""bubble remover located downstream from said oxygenator and having a relationship between an internal 
capacity (ml) and a maximum use flow (L/min): 

Internal capacity (ml)/Maximum use flow rate (L/min) § 15. 
15. A blood oxygenating circuit apparatus according to claim 14. wherein said bubble remover has a Wood inlet port 
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ano a blood 0*, port, and eaah o, dia^a, c, an opening a. ,ha b,a»d in,a, par, and to blood auda, pod is 8 
mm or more. 

,6. A biood oxvgenabng nirnuK apparataa aooordio, •», ^"^JS — 
said bubble remover to form a spiral current 

portion. 

mechanism-equipped blood reservoir has a first ^ sajd blood storing portion and a second 

of said cylindrical housing. 

^^^^^ 

blood reserved in said blood reserving member. 

22. A blood delivery mechanism-equipped blood reservoir comprising: 

a blood storing portion; and racoruinfl nort ion communicating with said blood storing 

a blood delivery mechanism including a ^^f^^^S^^ll in said blood storing portion 
portion and reserving blood in an amount proposal or less than a predeter- 

when the amount of said blood stored ,n said blood ^^J^ZSS Portion when said delivery 
mined valueand capable offlowing out blood ^'"J^^^^opemBnB when blood in 
blood reserving portion is pressed from the oute.de ^and b ood delivery^ £ ujpped blood 

said blood delivery mechanism-equipped blood "-^cojw ^ g 

and said blood delivering drive unit; and communication between said space of 

Sta bawaan said spaaa of aaid blaod doliva-y machan, S m and outsala a,r. 

^.Ab^.aii^n^snveduipp.d^raa^,— ^^S^JSX^ 
aalaalion funodon makas it poasibla lo selact a ^"^^TnBrior af said blood storing portion 

portion. 

*. A biaao daiiva^abanisra^uipped biood -as.™* ^J^^^^TSlS. 
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operation to force out Wood in said delivery blood reserving portion. 
» A Wood deiiver, mechanism-equipped ^ ££££ SEtE 

bprr=^ 

phragm and said diaphragm pressurizing portion, 
^ooddei^^isn^^ 

selected; said Wood delivery ■»^^"Sl™^7«" communication passage 
cap member has a tubular portion whose one end can be »"^ ^"° n when ^ dMcap is installed; 

and whose otherend Is open and located ^"^^^^^ member installing portion 

means connection portion. 

„. A Wood delhuen, mechamsm-eouipped Wood »«* ^^^^^31— 

28. A Wood deliver, mechanism-equipped Wood reservoir according to an, one ot claims 22 through 25. 

wherein aaki Wood deliver, mectraniern-equipped Wood rexrtvoir has a communion mode eeleodoo open- 
I oommunioabon mode ^"ite^ 

in connection with said communication passage, sajd fittab , e 

^jsr^rszssrnSS r;s jl—. mode — » 

°P enlng ' rf ™™m, .nir^ with an interior of said tubular portion through said 

fitted in said communication mode selection opening. 

2*. AWood delivery me^anism-equipp^™ 

communication mode selection funCon has a t*an»ww« member! av.ng an P P ^ 

only said upper portion of said blood storing portion, 
municate with said outside air communication port/sucking portion. 



3, A wood delivery mechaWsm^uipped Wood reservoir according to an, one tf claims 22 unrnugh 30. wherein two 
or more sets of said blood delivery mechanisms are provided. 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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FIG. 9 
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FIG. 11 




EP 0 987 035 A2 

FIG. 12 



221 



200 




268 j 
C 



EP0 987 035 A2 




EP 0 987 035 A2 



FIG. 14 
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FIG. 15 
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FIG. 17 
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FIG. 21 
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FIG. 25 
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